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ABSTRACT
Massive, O and early B-type (OB) stars remain incompletely catalogued in the nearby Galaxy due
to high extinction, bright visible and infrared nebular emission in H II regions, and high field star
contamination. These difficulties are alleviated by restricting the search to stars with X-ray emission.
Using the X-ray point sources from the Massive Young star-forming complex Study in Infrared and
X-rays (MYStIX) survey of OB-dominated regions, we identify 98 MYStIX candidate OB (MOBc)
stars by fitting their 1–8 µm spectral energy distributions (SEDs) with reddened stellar atmosphere
models. We identify 27 additional MOBc stars based on JHKS photometry of X-ray stars lacking
SED fitting. These candidate OB stars indicate that the current census of stars earlier than B1,
taken across the 18 MYStIX regions studied, is less than 50% complete. We also fit the SEDs of 239
previously-published OB stars to measure interstellar extinction and bolometric luminosities, revealing
six candidate massive binary systems and five candidate O-type (super)giants. As expected, candidate
OB stars have systematically higher extinction than previously-published OB stars. Notable results
for individual regions include: identification of the OB population of a recently discovered massive
cluster in NGC 6357; an older OB association in the M17 complex; and new massive luminous O stars
near the Trifid Nebula. In several relatively poorly-studied regions (RCW 38, NGC 6334, NGC 6357,
Trifid, and NGC 3576), the OB populations may increase by factors of &2.
Keywords: H II regions — open clusters and associations: general — stars: early-type — stars: massive
— X-rays: stars — infrared: stars
1. INTRODUCTION
Massive (M > 8 M) stars have a profound influ-
ence on galactic processes over cosmic history. Through
their ultraviolet radiation, winds, and supernova rem-
nants, massive stars ionize and stir up the interstellar
medium (ISM), disrupt or trigger star formation, and
drive galactic winds (Elmegreen & Lada 1977; Leitherer
et al. 1999; Smith 2006). They are likely the principal
source of reionization in the early universe, and metal
enrichment of the ISM from the first massive stars al-
lowed the first generation of lower mass stars to form
(Bromm & Larson 2004; Fan et al. 2006). The star for-
mation rate (SFR) in other galaxies are estimated from
spatially averaged measures of OB stellar radiation, such
as recombination lines from H II regions and infrared
(IR) emission of heated dust (Kennicutt & Evans 2012).
Within our Galaxy, it is important that the census of
massive ionizing stars be accurate; small systematic er-
rors in massive stellar models or uncertainties in the
high-mass tail of the initial mass function (IMF) can
lead to large errors in derived SFRs (Chomiuk & Povich
2011).
Our understanding of the properties of massive stars
and their effect on their environments has been ham-
pered by a highly incomplete census of Galactic OB
stars, even in relatively nearby star forming regions.
Most of the known Galactic OB populations are either
based on visible-light surveys that place stars on the
ar
X
iv
:1
70
1.
06
65
3v
1 
 [a
str
o-
ph
.SR
]  
23
 Ja
n 2
01
7
upper main sequence of the Hertzsprung-Russell dia-
gram, or on indirect measures such as the radio emis-
sion of H II regions (Dalgarno & McCray 1972; Wood &
Churchwell 1989; Massey et al. 1995; Ma´ız-Apella´niz et
al. 2004). But visible-light surveys are severely limited
by dust extinction while observed H II region properties
depend on the ionizing luminosity and (poorly-known)
mass-loss rates of the ionizing stars, possible mechanical
energy injected by supernovae, and the density distribu-
tion of nearby molecular clouds and photo-dissociation
regions relative to the ionizing stellar population. Sur-
veys limited to active star forming regions may miss a
significant fraction of massive stars that are “runaways”
spatially dispersed from young stellar clusters by dy-
namical ejection (Kroupa et al. 2001; de Wit et al. 2005;
Gvaramadze et al. 2012; Kobulnicky et al. 2016). Ac-
curate OB populations are also needed for comparative
study of IMFs under different conditions and for un-
derstanding mass segregation in young stellar clusters
(Bastian et al. 2010).
The Massive Young stellar complex Study in Infrared
and X-rays (MYStIX) project (Feigelson et al. 2013)
provides an opportunity to improve the census of mas-
sive young stars in 18 star-forming regions within 4 kpc
of the Sun. X-rays are produced by shocks in the winds
of OB stars; small scale shocks from wind instabilities
produce soft X-rays while magnetically-confined wind
shocks and colliding winds in close binaries often pro-
duce harder X-rays (Lucy & White 1980; Babel & Mont-
merle 1997; Stevens et al. 1992). MYStIX X-ray point
sources detected in archival Chandra X-ray Observatory
data with bright IR counterparts can be candidate OB
stars that escaped notice in previous visible-light sur-
veys of star forming regions. Previous tabulations of
X-ray selected candidate OB stars include ∼30 stars in
RCW 38 (Wolk et al. 2006; Winston et al. 2011), 16
stars in the Trumpler 16 region of the Carina Nebula
(Sanchawala et al. 2007), 24 stars in NGC 6357 (Wang
et al. 2007), 12 stars in M17 (Broos et al. 2007), 41 stars
in RCW 108 (Wolk et al. 2008), 94 stars in the entire
Carina Nebula complex (Povich et al. 2011), and 9 stars
in the obscured cluster HM 1 (Naze´ et al. 2013). In most
cases, the stars are identified photometrically as spatial
coincidences of X-ray point sources with IR-bright stars
(NIR; e.g. K < 10), but some studies have applied ad-
ditional constraints on X-ray luminosities or IR spectral
energy distributions (SEDs).
Our primary catalog of 98 candidate OB stars was con-
structed using the SED-fitting methodology developed
by Povich et al. (2011, hereafter P11) for the Chandra
Carina Complex Project (Townsley et al. 2011a). We
also present a secondary catalog of 27 OB candidates
produced by analyzing the JHKS near-infrared (NIR)
colors and magnitudes that lacked sufficient Spitzer
Space Telescope mid-infrared (MIR) photometric data
for SED fitting. The 18 regions in the MYStIX project
examined here vary greatly in their distance, degree of
contamination by unrelated field stars, richness of stel-
lar population, and thoroughness of previous study, so
the numbers of new OB candidates relative to the size of
the known OB population to vary strongly between the
regions. The rest of this paper is organized as follows:
The MYStIX data products and methodology for identi-
fying candidate OB stars are presented in Section 2. The
resulting lists of OB candidates, along with new, SED-
based measurements of extinction and luminosity for
previously-cataloged MYStIX OB stars, are presented
in Section 3, with a general discussion and summary in
Section 4. Details of the results for individual MYStIX
star-forming complexes are discussed in Appendix A.
2. METHODOLOGY
2.1. The MYStIX X-ray and Infrared Point Source
Lists
X-ray point source catalogs for the 18 MYStIX re-
gions studied here were produced by Kuhn et al.
(2010), Kuhn et al. (2013a), and Townsley et al. (2014)
from archival Chandra Advanced CCD Imaging Camera
(ACIS, Garmire et al. 2003) observations using the ACIS
extract software package (Broos et al. 2010). The point-
source resolution varies from <1′′ within a few arcmin
of the Chandra image axis to several arcsec at larger
off-axis angles toward the edges of the ACIS-I field. A
summary of the various X-ray datasets, including num-
ber of 17′× 17′ ACIS-I images and integration times for
each, is given by Feigelson et al. (2013).
MYStIX JHKs NIR photometry was obtained from
images taken with the United Kingdom InfraRed Tele-
scope (UKIRT) Wide-Field Camera or from the Two-
Micron All Sky Survey (2MASS) point-source catalog
(Skrutskie et al. 2006). Some of the data were ob-
tained as part of the UKIRT Infrared Deep Sky Sur-
vey (UKIDSS; Lawrence et al. 2007; Lucas et al. 2008).
The UKIRT data analysis, modified from the UKIDSS
pipeline to treat crowding and nebulosity, is described
by King et al. (2013). Compared to 2MASS, the UKIRT
photometry provides higher spatial resolution and sen-
sitivity but saturates on bright sources.
Spitzer MIR photometry at 3.6, 4.5, 5.8, and 8.0 µm
was provided either by the Galactic Legacy Mid-Plane
Survey Extraordinaire (GLIMPSE; Benjamin et al.
2003) or by Kuhn et al. (2013b). The ∼2′′ spatial resolu-
tion of the Spitzer Infrared Array Camera (IRAC; Fazio
et al. 2004) is well-matched to the 2MASS resolution,
while the <1′′ UKIRT resolution is comparable to the
on-axis ACIS spatial resolution.
Averaged across all MYStIX star-forming regions,
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62% of X-ray sources were matched to predominantly
faint NIR or MIR point-sources with >0.80 counterpart
probability (Naylor et al. 2013; Broos et al. 2013). Of
these X-ray/IR matches, the vast majority (95% of X-
ray to NIR matches and 91% of X-ray to MIR matches)
have apparent separations of <1′′. This gives projected
physical separations of ≤2000 AU for X-ray/IR matches
in the majority of MYStIX regions that have heliocen-
tric distances ≤2 kpc (Table 1). Chance alignments be-
tween physically unrelated X-ray sources and IR stars
bright enough to be selected as OB candidates are thus
expected to be exceedingly rare, and likely occur only
in the cores of the densest MYStIX clusters or toward
the edges of the ACIS-I fields where the Chandra reso-
lution is degraded. It is possible that in unequal-mass
binary/multiple systems, for example a B-type star with
low-mass, T Tauri companions, the X-ray emission could
be produced by the lower-mass component while the IR
source is dominated by the primary (e.g. Evans et al.
2011). Such cases may enable the identification of a
new candidate OB star based on X-ray emission from
a lower-mass companion. While the large majority of
NIR counterpart photometry to MYStIX X-ray sources
comes from UKIRT, the majority of published OB stars
and OB candidates presented here have 2MASS pho-
tometry replacing saturated UKIRT sources.
Applying a Bayesian statistical framework to the com-
bined X-ray and IR datasets, Broos et al. (2013) calcu-
lated the posterior probability that each MYStIX X-
ray source was a young star associated with its parent
star-forming region versus a foreground or background
contaminant. The final product was the MYStIX Prob-
able Complex Member (MPCM) catalog, which com-
bined three overlapping samples: (1) X-ray sources with
spatial distributions, variability, and/or IR counterpart
properties consistent with pre-main-sequence (pre-MS)
stars (Broos et al. 2011); (2) young stellar objects
(YSOs) with MIR excess emission consistent with cir-
cumstellar disks and/or envelopes (regardless of an as-
sociated X-ray source; MIRES catalog from Povich et al.
2013); and (3) stars with published OB spectral types.1
Because the MPCM criteria were based on assump-
tions of X-ray source properties and NIR brightnesses
for lower-mass, pre-MS stars (Broos et al. 2011, 2013),
it is possible that some unpublished massive stars were
not included as MPCMs or were misclassified as fore-
1 For the known OB stars with published spectral types but
no X-ray detection in the MYStIX data, Broos et al. (2013) did
not list IR counterpart photometry. We have therefore identified
2MASS and Spitzer sources corresponding to these massive stars
using a 1′′ matching radius to the coordinates of the star listed in
the MPCM catalog. This photometry was used only to analyze the
known OB population (see Section 3.1); obviously it is irrelevant
to our selection of X-ray detected OB candidates.
ground stars because they are systematically brighter in
the NIR and often have softer X-ray spectra. We there-
fore searched the SED Classification of IR counterparts
to MYStIX X-ray sources (SCIM-X) catalog (Appendix
A of Povich et al. 2013), for candidate OB stars, rather
than the MPCM catalog. A few of the published OB
stars are massive YSOs deeply embedded in their na-
tal clouds and hence present themselves as very bright
MIR excess sources because the OB stars themselves
heat the surrounding dust. Only SCIM-X SEDs that
did not show evidence of excess IR emission above the
stellar photosphere at λ ≤ 4.5 µm (identified by SED flg
= −2 or −1) were included in the search. The resulting
OB candidate lists hence will not include new candidate
embedded massive stars, but will include obscured OB
stars observed through high foreground dust extinction.
The target massive star-forming regions for this study
are listed in Table 1. These are 18 of the 20 MYS-
tIX regions with Galactic coordinates, distance from the
Sun, and earliest published spectral type obtained from
Feigelson et al. (2013). The Orion Nebula Cluster is
omitted because it has been well-characterized, and the
Carina Nebula OB populations are discussed by P11 and
Gagne´ et al. (2011).
Table 1. MYStIX Cluster Data
Name l b Distance Earliest Max
(deg) (deg) (kpc) Sp.Ty. AV
Flame Nebula 206.53 −16.35 0.414 O8 35
W40 28.79 +03.48 0.5 late O 35
RCW 36 265.08 +01.40 0.7 O8 25
NGC 2264 202.96 +02.22 0.913 O7 30
Rosette Nebula 206.31 −02.08 1.33 O4 35
Lagoon Nebula 5.96 −01.17 1.3 O4 39
NGC 2362 238.20 −05.58 1.48 O9 I 12
DR 21 81.68 +00.54 1.5 · · · 42
RCW 38 268.03 −00.98 1.7 O5 21
NGC 6334 351.16 +00.70 1.7 O6/7: 40
NGC 6357 353.01 +00.89 1.7 O3.5 40
Eagle Nebula 16.95 +00.79 1.75 O4 40
M17 15.05 −00.67 2.0 O4 40
W3 133.95 +01.07 2.04 O5 30
W4 134.73 +00.92 2.04 O4 15
Trifid Nebula 7.00 −00.25 2.7 O7.5 20
NGC 3576 291.27 −00.71 2.8 O3-6? 20
NGC 1893 173.58 −01.68 3.6 O5 15
2.2. Selection of Candidate OB Stars Via SED Fitting
Our primary OB candidate selection methodology fol-
lows the procedures described in P11. Povich et al.
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(2013) fit a family of Castelli & Kurucz (2004) AT-
LAS9 stellar atmosphere models to the IR SEDs using
the weighted least-squares (minimum χ2) fitting tool of
Robitaille et al. (2007). The extinction law of Indebe-
touw et al. (2005), parameterized by the visual extinc-
tion AV , was used to apply interstellar reddening to the
model spectra as part of the SED fitting process. To be
considered for OB candidacy, each star must have mea-
surement in Ndata ≥ 4 of the 7 available photometric
bands (J , H, Ks, [3.6], [4.5], [5.8], and [8.0]) including
Ks ≤ 14.6 mag. The fractional uncertainties on [5.8]
and [8.0] flux densities were set to a minimum 10%, and
the other bands to a minimum 5%, to avoid underesti-
mating systematic errors in the fitting process (Povich
et al. 2013).
The statistical criterion for acceptable model fits was
χ2i − χ20 ≤ Ndata, with χ20 ≤ Ndata (Povich et al. 2013),
where χ2i and χ
2
0 are the goodness-of-fit parameter for
the ith and the best-fit models, respectively. This is
a more stringent criterion than the χ2i − χ20 ≤ 2Ndata
used by P11, and would have removed six stars from
their list of 94 OB candidates. All of the models that
fit the data with χ2i values within this limit were kept,
so a given SED will have a set of many well-fit mod-
els. The range of the AV parameter accepted for our
analysis was further restricted below a maximum value
for each MYStIX region (Table 1), which we estimated
from JHKs color-color diagrams. Bolometric luminosi-
ties are based on SED fits to the IR photometry and the
assumed distance to each MYStIX star forming complex
(Table 1). The results of this fitting process are a set of
self-consistent and well-fit models parameterized by ef-
fective temperature (Teff), bolometric luminosity (Lbol)
and their corresponding AV values.
The set of well-fit Teff and Lbol model parameters for
each SED in the SCIM-X catalog was plotted on a the-
oretical H-R diagram, as illustrated in Figure 1. The
intersection point of the locus of model parameters with
the theoretical OB zero-age main sequence (ZAMS) (de
Jager & Nieuwenhuijzen 1987; Martins et al. 2005) is
marked with cross-hairs. A star is selected as an OB
candidate if the luminosity at the intersection point is
greater than our “cutoff luminosity” of 1× 104 L, cor-
responding approximately to a main-sequence spectral
type of B1 V or earlier (see also Figure 2 of P11).
Two caveats must be borne in mind when interpreting
these SED fitting results. The inferred Lbol depends on
the assumption that the star lies at the (possibly incor-
rect) distance of the parent MYStIX complex listed in
Table 1. A minor, systematic bias is introduced by the
adoption of the ATLAS9 spectral models, which assume
plane-parallel, stationary atmospheres in local thermo-
dynamic equilibrium and do not include the effects of
massive stellar winds. This can lead the model fits to
Figure 1. Two examples of the H-R diagram analysis used
for selecting candidate OB stars from SED fitting results.
Each panel shows the loci of all acceptable model fits to a
single IR SED, plotted as overlapping points color-coded by
lowest (blue) to highest (red) χ2 values. The top panel shows
MOBc NGC 6357 21, one of the most luminous candidates in
our sample, while the bottom panel shows MOBc NGC 6357
25, which exemplifies a star meeting the minimum luminos-
ity criterion for selection. The intersection point of these
models with the theoretical massive ZAMS (solid curve with
diamonds and + symbols marking the O and B spectral sub-
classes, respectively) is marked with dashed cross-hairs. The
thick, black line and triangles trace the theoretical O giant
and supergiant loci, respectively, from Martins et al. (2005).
The solid purple curves are pre-MS evolutionary tracks from
Siess et al. (2000).
return values that overestimate the true bolometric lu-
minosities, and the effects should be most pronounced
for evolved, OB supergiants with strong mass loss (see
Section 3.2 of P11). The magnitude of this systematic
bias reported by P11 is, however, small enough to be
completely irrelevant to OB candidate selection and, as
we will show, unimportant compared to other sources of
uncertainty in measuring the extinction and luminosity
of spectroscopically classified OB stars.
The locus of fits may intersect both the ZAMS and
pre-MS evolutionary tracks (Figure 1). Models signifi-
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cantly to the left of the ZAMS can be ruled out on phys-
ical grounds. At higher luminosities, the model locus
may also intersect the OB giant/supergiant tracks, and
this is a plausible alternative. When the locus of mod-
els intersects the ZAMS above the cutoff luminosity, it
only crosses very early stages of the pre-MS tracks. The
exclusion of IR-excess sources therefore reduces the like-
lihood of misidentification, because very young pre-MS
stars are expected to be surrounded by dusty circumstel-
lar disks or protostellar envelopes (P11). In most cases,
the models with the lowest χ2 values (colored blue in
the example diagrams) fell near the ZAMS, bolstering
our confidence that they are actually hot, massive stars.
2.3. Secondary Selection of Candidate OB Stars Via
NIR Colors and J Magnitudes
Inspection of the NIR color-magnitude diagrams
(CMDs) for each MYStIX region, plotted in the lower-
right panels of Figure 2, reveals that most regions con-
tain X-ray detected MPCMs that have bright J-band
counterparts but are neither previously classified OB
stars (blue dots), IR excess sources (red symbols), nor
OB candidates selected by our SED-fitting criteria (ma-
genta boxes). SED fitting reveals that the majority of
these NIR-bright stars are inconsistent with hot pho-
tospheres, ruling them out as OB candidates. The re-
maining NIR-bright, X-ray detected stars constitute a
less reliable, secondary sample of possible candidate OB
stars that lacked MIR photometry of sufficient quality
for SED fitting. There are two main reasons why a le-
gitimate X-ray OB candidate with a good NIR counter-
part could lack high-quality MIR photometry: (1) MIR
nebulosity can be extremely bright in the MYStIX star-
forming complexes, obscuring point sources at longer
wavelengths, and (2) the Spitzer/IRAC point-source res-
olution is poorer than that of Chandra or UKIRT, so
in crowded regions the X-ray/NIR combination may re-
solve stars that are confused in the MIR (provided they
do not saturate the UKIRT images).
We used the NIR color-color diagrams (CCDs) and
CMDs (Figure 2) to identify additional OB candidates
without SED fitting results in the SCIM-X catalog,
based on the NIR colors and J magnitudes of X-ray
detected stars. Our simple procedure applied the follow-
ing steps to each of the 18 MYStIX star-forming regions
listed in Table 1:
1. Identify all MYStIX MPCMs in the region that
were not listed as previously-published OB stars
by Broos et al. (2013) and had no SED fitting re-
sult reported in the SCIM-X catalog (SED FLG =
−99; Povich et al. 2013). All sources thus selected
automatically have Chandra X-ray detections but
cannot have been identified as OB candidates by
our primary SED fitting methodology.
2. Select the subset of sources from the previous
step that fell into the locus of normally-reddened
main-sequence stars on the NIR CCD (between
the blue and orange reddening vectors in Figure 2,
lower-left panels). This step ensures that all sec-
ondary OB candidates are detected in all three
NIR bands (JHKs). To be conservative, sources
falling within this locus but with photometric un-
certainties overlapping the reddened red-giant lo-
cus (orange) were excluded from consideration as
OB candidates.
3. Identify the sources from the previous two steps
that, when dereddened to the OB main sequence
(as defined by Pecaut & Mamajek 2013) on the
J vs. J −H CMD (Figure 2, lower-right panels),
have absolute magnitudes MJ ≤ −2.4 (equivalent
to a B1 V star or brighter).
The 27 sources in 10 different MYStIX regions satisfy-
ing the above NIR criteria are designated as secondary
OB candidates and marked by magenta diamonds in all
panels of Figure 2. We emphasize that these secondary
candidates are very likely less reliable than the primary
OB candidates identified via SED fitting. As is evident
in the CCDs, the locus of reddened main-sequence stars
is strongly contaminated by IR excess sources, some of
which are bright enough to fall within the region occu-
pied by reddened OB stars on the CMDs. Hence with
only NIR photometry available, we cannot rule out the
presence of circumstellar disks2 that could make a lower-
mass, pre-MS star appear brighter in the NIR (although
we have attempted to minimize this effect by using J to
estimate luminosities, as it is less likely to be contam-
inated by disk emission than H or Ks). Strong pho-
tometric variability is frequently observed among YSOs
(Morales-Caldero´n et al. 2011), and a flaring, low-mass
YSO could conceivably be classified as an OB candidate
in the absence of MIR photometry that could establish
the presence of a disk or reveal a flare by providing a
second epoch of photometry. The inferred luminosity
of secondary OB candidates (here represented by MJ
rather than Lbol) is more dependent on the dereddening
calculation than for the SED-fitting candidates, because
in highly-obscured regions MIR photometry is less af-
fected by dust extinction compared to NIR photometry.
2 This is a general rule applicable to NIR photometric studies
of young stellar populations: A Ks-excess color observed on the
CCD is a reliable indicator of the presence of warm, circumstellar
dust, but the converse is not generally true. See Whitney et al.
(2003) for a discussion of inclination and other effects governing
the observed colors of young stellar objects.
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Figure 2. Top: Spitzer/IRAC 3.6 µm images (inverted, logarithmic grayscale) for each of the 18 MYStIX star-forming regions
used in this study, with positions of published and candidate OB stars marked. In all panels published OB stars (Table 2)
are marked by blue circles/dots, OBc from SED fitting (Table 3) by magenta squares, and additional OBc from NIR color-
magnitude analysis (Table 4) by magenta diamonds. Notable published and candidate OB stars are labeled by their names
from the relevant Table. Bottom: NIR JHKs color-color diagram (CCD, left) and J versus J − H color-magnitude diagram
(CMD, right) of all MYStIX MPCMs plus candidate OB stars (with MIR excess sources from Povich et al. 2013 and KS-excess
sources from the CCD indicated in red). In each CCD, the main sequence, red giant locus, and classical T Tauri locus are
plotted as blue, orange, and dashed brown curves, respectively, with reddening vectors (dotted lines) marked (with + symbols)
at AV = 5 mag intervals (Rieke & Lebofsky 1985) extending from each. In each CMD, the main sequence is plotted as a blue
curve (with labeled spectral types marked by diamonds), 1 and 3 Myr Siess et al. (2000) isochrones are plotted as dashed brown
curves, with 3 representative reddening vectors extending from the main sequence and 1 Myr isochrone. (k).— NGC 6357 (the
War and Peace Nebula). (The rest of this figure set is included at the end of this document.)
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3. RESULTS
We first present results from fitting the 1–8 µm SEDs
of known MYStIX OB stars, to provide context for read-
ers unfamiliar with the strengths and limitations of this
method for identifying candidate OB stars.
3.1. SED Fitting Results for Previously-Published
MYStIX OB Stars
The 328 previously-published OB stars included in the
MPCM catalog (Broos et al. 2013) within the 18 MYS-
tIX regions analyzed for this study are listed in Table 2.
The first three columns displayed in this table3 give the
name, spectral type, and citation source of the spectral
type for each star; in the vast majority of cases spectral
types come from optical or NIR spectroscopy (the only
exceptions being a few extremely embedded stars with
surrounded by MIR-bright nebulosity, for which spec-
tral types were estimated from radio continuum or IR
luminosity of the associated UC H II regions).4 While
this list is not complete, we adopt it as the best available
compilation of “known” OB stars across all of these well-
studied regions against which to compare and evaluate
our X-ray selected OB candidates. We later note (in
Tables 3 and 4) the handful of cases where we have dis-
covered that one of our OB candidates had a published
spectral type in the literature that was not included in
this compilation.
The provenance (GLIMPSE Catalog/Archive or Kuhn
et al. 2013b) and name (Galactic coordinates) for
each Spitzer/IRAC source associated with an OB
star are provided in Column 7 of Table 2. NIR
and MIR point-source magnitudes used for our SED-
fitting analysis are provided in Columns 8–14, and the
[T]woMASS/[U]KIRT provenance of each magnitude in
column 15. In the typset table the MIR photome-
try is hidden for compactness, but the JHKs magni-
tudes are displayed to facilitate comparisons with the
OB candidates in Tables 3 and 4 as well as the CCDs
and CMDs in Figure 2. In Column 16 we indicate
the presence of a MYStIX X-ray detection (X) and/or
marginal/significant IR excess emission (M/Y).
We have performed two analyses of the SED fitting
results on all previously-published OB stars in Table 2
with sufficient NIR and MIR photometric detections.
First we applied the OB candidate search criteria de-
scribed in Section 2.2 to identify those known OB stars
that would have been selected as OB candidates by SED
fitting if they had not already been spectroscopically
classified; these 67 O and early B-type stars are indi-
cated by checkmarks in Column 17.
The second SED modeling analysis fixed the Teff pa-
rameter to a value Teff(ST) based on the published spec-
tral type, using the calibrations of Martins et al. (2005)
for O stars and the Crowther (2005) extension to early
B stars (column 4 of Table 2). For the O-type stars
in Table 2 we used the different Martins et al. (2005)
temperature scales for supergiants (classes I or II), gi-
ants (classes III or IV), or dwarfs (class V, or the de-
fault if no published luminosity class was available); for
B-type stars of all luminosity classes we used a single
temperature scale. For unresolved binary/multiple sys-
tems, Teff(ST) was chosen based on the spectral type
of the most luminous component. With temperature
fixed, the extinction ASEDV and bolometric luminosity
LSEDbol become tightly constrained by the SED model-
ing; these parameter values are presented in columns 5
and 6, respectively, of Table 2. As P11 showed, the ran-
dom uncertainties on the model parameters are typically
.0.3 mag for ASEDV and <5% for LSEDbol (or <0.02 dex
in logLSEDbol ), although the uncertainties will be greater
(particularly on ASEDV ) for stars missing NIR photom-
etry. Blank data values in columns 5 and 6 indicate
either that there were too few SED points for SED fit-
ting or that no acceptable model fits to the SED were
achieved, while values of −99 indicate that there were
well-fit models but none consistent with the Teff(ST) for
that star in column 4.
Fifteen of the 18 MYStIX regions contained one or
more OB stars with SEDs that we could model, and
we plot logLSEDbol versus log Teff(ST) for all of these
stars on a single H-R diagram in Figure 3. This figure
can be compared with similar H-R diagrams published
by Gagne´ et al. (2011, their Figure 2) for Carina and
Kiminki et al. (2015, their Figure 11) for W3. In spite of
differences in methodology for measuring Lbol and AV ,
when examining the dispersion of the stars with respect
to the ZAMS both of these single-region H-R diagrams
appear qualitatively similar to our H-R diagram of the
OB stars across different MYStIX regions.
Among spectroscopically-classified O-type dwarfs,
there is generally good correlation with the theoretical
ZAMS (Martins et al. 2005), with the majority of stars
falling within 0.2 dex in logLbol of the ZAMS for their
spectral type. This supports the conclusion of P11 that
even fitting only the 1–8 µm IR SEDs can effectively
constrain the luminosities of OB stars in the absence of
UBV photometry.5
3 Each row in Table 2 begins with a “hidden” column, available
in the electronic version of the table, giving the MYStIX MPCM
CLASS NAME from Broos et al. (2013).
4 All spectral types and references listed come from Broos et
al. (2013), with the exception of a few notable O stars that were
recently re-typed by Ma´ız Apella´niz et al. (2016).
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Table 2. Previously Cataloged OB Stars among MYStIX MPCMs
Star Ref. Teff (ST)
a ASEDV logL
SED
bol Spitzer origin & name J H KS Origin
c X-ray/ SED
Name ST ST (kK) (mag) (L) (GLIMPSE/K13)b (mag) (mag) (mag) JHKS IRE?d Cand?e
(1) (2) (3) (4) (5) (6) (7a) (7b) (8) (9) (10) (15) (16) (17)
Flame Nebula
NGC 2024 1 B0.5Vp 1 28.0 8.1 4.55 K G206.5282-16.3772 7.34 6.52 5.94 TTT X X
IRS 2b O8/B2V 1 35.0 · · · · · · K G206.5416-16.3480 · · · · · · · · · ... X
W40
IRS 5 B1 2 26.0 7.3 4.17 K G028.7867+03.5452 8.28 7.51 7.08 TTT XM
IRS 3A B3 2 17.5 8.4 3.61 K G028.7990+03.5087 · · · · · · · · · TTT M
IRS 1A South O9.5 2 31.5 · · · · · · · · · · · · · · · ... X
RCW 36
Ellerbroek12 #462 O9V 3 33.0 5.3 4.68 K G265.1475+01.4510 8.47 7.61 7.02 TTT X
Ellerbroek12 #413 O9.5V 3 31.5 9.2 4.56 K G265.1485+01.4511 8.63 7.52 6.96 TTT X
NGC 2264
NGC 2264 67 B2Vp 1 21.0 5.3 4.15 K G202.9889+02.0728 8.41 7.84 7.49 TTT X X
HD 47777 B2.5V 1 19.0 0.2 3.45 K G203.1192+02.0292 8.25 8.34 8.37 TTT X
NGC 2264 88 B3V 1 17.5 · · · · · · K G203.0219+02.0834 11.83 12.86 11.02 UUU X
BD+10 1220B B1.5/2V 1 24.0 · · · · · · · · · · · · · · · ... X
HD 47839 O7V((f)) 1 37.0 0.8 5.46 K G202.9364+02.1985 5.20 5.32 5.34 TTT X
HD 261938 B3V 1 17.5 0.3 3.04 K G202.9564+02.2031 9.25 9.23 9.20 TTT X
HD 47887 B2IV 1 21.0 0.0 3.78 K G203.3395+02.0423 7.66 7.81 7.87 TTT X X
Rosette Nebula
AG+04 785 B2III 1 21.0 1.0 3.17f K G206.3329-02.2470 10.36 10.31 10.28 TTT
HD 46056 O8V((f)) 1 35.0 1.4 4.77 K G206.3358-02.2471 7.84 7.84 7.82 TTT X X
NGC 2244 79 B2V 1 21.0 2.5 3.27 K G206.3423-02.2009 10.55 11.22 10.31 UUU XM
HD 259012 B2V 1 21.0 1.4 3.79 K G206.3511-02.1961 8.90 8.84 8.79 TTT X X
HD 46106 B0.2V 1 29.5 1.3 4.69 K G206.1985-02.0938 7.61 7.59 7.62 TTT X X
HD 259105 B1V 1 26.0 1.4 3.99 K G206.3082-02.0871 9.00 8.99 8.95 TTT
HD 46149 O8.5V((f)) 1 34.0 1.4 4.98 K G206.2200-02.0388 7.24 7.25 7.25 TTT X X
HD 46150 O5V 1 41.0 1.4 5.51 K G206.3059-02.0694 6.45 6.47 6.44 TTT X X
NGC 2244 190 B2.5V 1 19.0 1.4 2.97 K G206.3168-02.0593 10.65 10.58 10.54 TTT
BD+05 1281B B1.5V 1 24.0 1.9 3.60 K G206.3258-02.0638 9.86 9.77 9.74 TTT X
J063200.62+045241.1 B0.5V 1 28.0 1.2 4.40 K G206.3731-02.0806 8.15 8.12 8.12 TTT
J063206.15+045215.6 B1III 1 26.0 1.2 3.81f K G206.3900-02.0635 9.40 9.38 9.39 TTT
HD 46223 O4V((f+)) 1 42.0 · · · · · · K G206.4382-02.0736 14.37 16.40 12.59 UUU X
NGC 2244 +04 160 B3/5: 1 17.5 3.3 2.78 K G206.3421-02.0223 11.40 11.23 11.08 TTT X
NGC 2244 172 B2.5V 1 19.0 1.6 3.03 K G206.2496-01.9733 10.55 10.49 10.43 TTT
HD 46202 O9.5V 1 31.5 4.3 4.72 K G206.3134-02.0034 7.78 7.78 7.72 TTT X
J063224.24+044704.0 B2.5V 1 19.0 1.8 2.99 K G206.5016-02.0367 10.69 10.63 10.58 TTT M
HD 259300 B3.5(V) 1 17.5 · · · · · · K G206.3654-01.9419 9.87 9.65 9.34 TTT XY
Cl* NGC 2244 CDZ 205 B3 4 17.5 2.4 2.55f K G206.5513-01.9336 11.86 11.65 11.53 TTT XM
HD 46388 B5V 1 15.0 0.8 3.31g K G206.7288-01.8921 8.89 8.87 8.86 TTT
HD 46485 O8 1 35.0 · · · · · · K G206.8974-01.8362 7.56 7.51 7.45 TTT X
Lagoon Nebula
HD 164740 O7.5V+O9V+B0.5V 1 36.0 · · · · · · 7.94 7.45 6.91 TTT X
CD-24 13810 B... 4 15.0 · · · · · · 9.24 9.13 9.03 TTT X
HD 164794 O4V((f)) 1 42.0 1.6 5.82 A G006.0089-01.2050 5.75 5.75 5.73 TTT X
HD 164816 O9.5V+B0V 1 31.5 0.9 4.94 A G006.0591-01.1958 7.01 7.05 7.07 TTT X X
NGC 6530 32 B3Ve 1 17.5 2.8 3.19 A G006.0422-01.2677 10.03 9.95 9.90 TTT X
HD 315026 B1.5V 1 24.0 · · · · · · C G006.1520-01.2204 8.79 8.93 8.87 TTT
HD 315032 B1V 1 26.0 1.4 3.97 A G006.0246-01.2945 9.01 9.01 8.97 TTT X X
NGC 6530 55 B2.5Ve 1 19.0 1.4 3.40 C G006.1736-01.2347 9.53 9.44 9.42 TTT
NGC 6530 56 B0.5V 1 28.0 1.8 4.25 C G006.0676-01.2975 8.63 8.61 8.55 TTT
NGC 6530 58 B2Ve 1 21.0 · · · · · · · · · · · · · · · TTT
HD 315033 B2Vp 1 21.0 1.7 3.99 C G005.9989-01.3446 8.42 8.37 8.27 TTT
NGC 6530 60 B1Ve 1 26.0 1.9 3.90 C G006.0705-01.3077 9.32 9.25 9.22 TTT M
Table 2 continued
5 Perhaps counterintuitively, it could be advantageous to use
only IR photometry in regions with significant dust obscuration,
as the reddening correction in visible-light is very sensitive to the
adopted extinction law (P11). Note that Gagne´ et al. (2011)
adopted an extinction law with reddening parameter RV = 4.0
for Carina, while Kiminki et al. (2015) adopted RV = 3.6 for W3;
in reality the reddening parameter can vary even among different
stars in the same star-forming region.
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Table 2 (continued)
Star Ref. Teff (ST)
a ASEDV logL
SED
bol Spitzer origin & name J H KS Origin
c X-ray/ SED
Name ST ST (kK) (mag) (L) (GLIMPSE/K13)b (mag) (mag) (mag) JHKS IRE?d Cand?e
(1) (2) (3) (4) (5) (6) (7a) (7b) (8) (9) (10) (15) (16) (17)
NGC 6530 61 B2Ve 1 21.0 1.2 3.36 C G006.0777-01.3050 9.87 9.83 9.82 TTT Y
NGC 6530 66 B2Vep 1 21.0 1.7 3.44 C G006.0836-01.3071 9.79 9.73 9.71 TTT M
HD 164906 B0Ve 1 29.5 · · · · · · A G006.0493-01.3276 6.65 6.48 6.17 TTT X
NGC 6530 70 B2Ve 1 21.0 1.5 3.35 C G006.0564-01.3296 9.97 9.91 9.85 TTT M
HD 315031 B1V 1 26.0 1.7 4.42 C G006.0741-01.3232 7.93 7.97 7.90 TTT
NGC 6530 74 B2.5Ve 1 19.0 1.4 3.11 A G006.0219-01.3568 10.26 10.16 10.13 TTT X
NGC 6530 83 B2.5Vne 1 19.0 8.8 3.41 A G006.1264-01.3151 10.05 9.83 9.87 TTT X
NGC 6530 80 B1V 1 26.0 1.9 4.00 C G006.0616-01.3518 9.05 9.02 8.99 TTT M
NGC 6530 86 B2.5V 1 19.0 · · · · · · A G006.0813-01.3461 9.42 9.33 9.21 TTT XM X
HD 315021 B1V 1 26.0 · · · · · · A G006.1158-01.3345 8.50 8.31 8.23 TTT X
NGC 6530 99 B2.5Vne 1 19.0 2.2 3.10 C G006.0813-01.3709 · · · 10.34 10.30 TTU
HD 164947B B2.5V 1 19.0 1.2 3.42 A G006.1110-01.3618 9.42 9.36 9.32 TTT X
HD 164947A B1/2Vne 1 26.0 1.3 3.84 A G006.1103-01.3624 9.29 9.26 9.22 TTT X
Cl* NGC 6530 SJ 75 B2.5 4 19.0 7.6 3.50 A G006.0416-01.4312 10.85 11.33 9.96 UUU X X
HD 315034 B3 4 17.5 1.5 2.80 C G006.0926-01.4358 10.92 10.82 10.69 TTU
HD 315035 B3V 1 17.5 · · · · · · A G006.0493-01.4720 10.01 9.82 9.75 TTT X
NGC 2362
HD 56995 B2IV/V 4 21.0 0.3 3.63 K G238.0549-05.5654 9.18 9.27 9.27 TTT
NGC 2362 48 B3V 1 17.5 0.3 3.21 K G238.1788-05.5630 9.78 9.85 9.87 TTT
NGC 2362 14 B2V 1 21.0 0.6 3.41 K G238.1898-05.5647 9.83 9.91 9.89 TTT X
CD-24 5175 B2 4 21.0 0.1 3.62 K G238.2220-05.5701 9.15 9.24 9.27 TTT X
NGC 2362 39 B3V 1 17.5 0.3 3.13 K G238.1941-05.5518 9.99 10.03 10.06 TTT
HD 57061 O9II 1 32.0 2.3 6.03g K G238.1809-05.5428 4.76 4.77 4.79 TTT X
NGC 2362 27 B3V 1 17.5 0.6 3.04 K G238.1953-05.5345 10.32 10.32 10.32 TTT
CD-24 5180 B2V 1 21.0 0.2 3.86 K G238.1867-05.5201 8.60 8.63 8.73 TTT X X
2MASS J07184982-2457487 B2 4 21.0 0.4 3.48 K G238.2020-05.5224 9.59 9.68 9.69 TTT
NGC 2362 34 B5V 1 15.0 0.9 2.78 K G238.2016-05.5078 10.48 10.44 10.41 TTT X
NGC 2362 36 B3V 1 17.5 1.5 3.06 K G238.2151-05.4926 10.53 10.41 10.35 TTT X
HD 57192 B3IV 1 17.5 0.0 4.21 K G238.2351-05.4419 7.16 7.27 7.30 TTT
DR 21
2MASS J20382923+4222144 B0.5V 4 28.0 · · · · · · 16.1 14.4 13.4 TTT X
RCW 38
[FP74] RCW 38 IRS 2 O5.5V 4 40.0 · · · · · · A G267.9412-01.0576 8.16 7.14 6.53 TTT XY
NGC 6334
HD 319701 B1Ib 4 26.0 3.8 5.14 A G351.1315+00.8469 7.41 7.07 6.86 TTT X X
[HTK2008] IRN V-3 B0 4 29.5 · · · · · · 10.94 9.64 8.57 TTT X
CD-35 11477 B1V 4 26.0 2.9 4.41 C G351.1913+00.6869 8.97 8.71 8.61 TTT
CD-35 11482 B0.5:Ve 1 28.0 · · · · · · A G351.4047+00.7475 8.07 7.69 7.26 TTT XY?
2MASS J17203178-3551111 O7 4 37.0 7.1 5.50 A G351.3181+00.6654 8.42 7.78 7.39 TTT X
CD-35 11484 B1V 4 26.0 3.7 4.47 C G351.3359+00.6033 9.01 8.74 8.57 TTT
HD 319702 O8III((f)) 1 34.0 4.2 5.28 A G351.3465+00.6077 7.87 7.56 7.39 TTT X X
2MASS J17205343-3547022 O6/7 1 35.0 · · · · · · 19.30 15.28 11.13 UUU X
NGC 6357
Cl Pismis 24 15 O7.5Vz 12 35.0 4.8 4.93 A G353.0997+00.9090 9.03 8.58 8.35 TTT X X
Cl Pismis 24 10 O9V 1 33.0 5.1 4.72 A G353.1250+00.8966 9.51 9.02 8.75 TTT X X
Cl Pismis 24 12 B1V 1 26.0 4.8 4.04 C G353.1691+00.9006 10.50 9.99 9.78 TTT
Cl Pismis 24 3 O8V 1 35.0 6.0 4.96 A G353.1462+00.8849 9.29 8.77 8.47 TTT X X
Cl Pismis 24 2 O5.5V((f)) 1 40.0 5.4 5.37 A G353.1566+00.8879 8.47 8.00 7.69 TTT X X
Cl Pismis 24 18 B0.5V 1 28.0 6.4 4.52 A G353.1709+00.8976 10.00 9.31 8.97 TTT X
Cl Pismis 24 1 SW+NEab O4III(f+)+O3.5If* 5 42.0 6.1 6.22 A G353.1678+00.8946 6.73 6.18 5.89 TTT X
Cl Pismis 24 19 B1V 1 26.0 · · · · · · · · · · · · · · · · · ·
Cl Pismis 24 16 O7.5V 1 36.0 · · · · · · · · · · · · · · · ... X
Cl Pismis 24 17 O3.5III(f*) 1 44.5 12.5 5.92 A G353.1689+00.8902 7.82 7.28 6.97 TTT X
Cl Pismis 24 13 O6.5V((f)) 1 38.0 6.0 5.25 A G353.2038+00.9095 8.81 8.23 7.95 TTT X X
HD 157504 WC6+O7/9 1 37.0 · · · · · · A G353.2271+00.8293 7.04 6.53 5.86 TTT X
[N78] 51 O6Vn((f)) 12 41.0 5.1 5.35 A G353.0724+00.6400 8.52 8.13 7.82 TTT X X
[N78] 49 O5.5IV(f) 12 39.0 6.7 5.87g C G353.1107+00.6450 7.52 6.93 6.56 TTT X
LS 4151 O6/7III 1 38.0 4.4 5.41 A G353.3189+00.7676 7.93 7.55 7.34 TTT X X
HD 319788 B2III: 1 21.0 1.7 4.22 C G353.2966+00.5536 8.47 8.34 8.30 TTT
Table 2 continued
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Table 2 (continued)
Star Ref. Teff (ST)
a ASEDV logL
SED
bol Spitzer origin & name J H KS Origin
c X-ray/ SED
Name ST ST (kK) (mag) (L) (GLIMPSE/K13)b (mag) (mag) (mag) JHKS IRE?d Cand?e
(1) (2) (3) (4) (5) (6) (7a) (7b) (8) (9) (10) (15) (16) (17)
Eagle Nebula
NGC 6611 25 B0.5V 1 28.0 4.3 4.20 A G016.9017+00.9430 10.19 9.77 9.49 TTT X X
NGC 6611 80 B2V 1 21.0 5.4 4.03 A G016.9911+00.9502 10.10 9.60 9.30 TTT X X
Cl* NGC 6611 ESL 013 B1V+? 1 26.0 2.3 4.41 A G016.8874+00.8577 8.82 8.69 8.60 TTT X X
NGC 6611 151 B1:V 1 26.0 5.7 4.12 C G017.0111+00.9098 10.58 10.06 9.72 TTT
NGC 6611 150 B0.5V 1 28.0 2.2 4.59 C G016.8965+00.8454 8.60 8.42 8.36 TTT
NGC 6611 161 O8.5V 1 34.0 5.1 5.31 A G016.9986+00.8957 8.16 7.73 7.45 TTT X X
NGC 6611 166 O9V 1 33.0 2.7 4.70 A G016.9179+00.8464 8.88 8.74 8.60 TTT X X
NGC 6611 175 O5V((f+))+O 1 41.0 4.3 5.66 A G016.9717+00.8730 7.59 7.22 7.01 TTT X
NGC 6611 181 B1.5Ve 1 24.0 4.3 3.44f C G016.9736+00.8718 11.64 11.25 11.10 TTU M
NGC 6611 188 B0V 1 29.5 5.1 4.63 A G017.0356+00.9028 9.53 9.07 8.78 TTT X X
HD 168075 O6/7V((f))+B0: 1 38.0 2.6 5.36 A G016.9427+00.8423 7.53 7.43 7.28 TTT X X
HD 168076 O4V((f+)) 1 42.0 3.7 5.87 A G016.9371+00.8375 6.89 6.69 6.57 TTT XM
NGC 6611 207 B1Ve 1 26.0 3.0 3.81 A G016.9448+00.8403 10.52 10.30 10.17 TTT XM
NGC 6611 210 B1V 1 26.0 2.3 3.86 C G016.9405+00.8368 10.22 10.05 9.99 TTT
NGC 6611 222 O7V((f))z 12 37.0 6.6 5.17 A G017.0035+00.8682 9.17 8.57 8.20 TTT X X
NGC 6611 223 B1V 1 26.0 2.9 4.21 C G016.9611+00.8438 9.54 9.31 9.19 TTT
NGC 6611 228 B2V 1 21.0 · · · · · · A G016.9934+00.8598 10.79 10.38 10.08 TTT X
TYC 5689-209-1 B1.5Ve 4 24.0 3.1 3.55 A G016.9539+00.8375 11.05 10.73 10.60 TTT X
NGC 6611 231 B1V 1 26.0 · · · · · · A G016.9718+00.8468 11.31 11.66 10.46 UUU X
NGC 6611 239 B1.5V 1 24.0 2.5 3.71 C G016.8483+00.7733 10.40 10.27 10.16 TTT M
BD-13 4927 O7II(f) 1 36.0 3.9 5.60 A G016.9841+00.8459 7.22 6.86 6.70 TTT X X
NGC 6611 251 B2Ve 1 21.0 3.5 3.29 A G016.9701+00.8372 11.40 11.04 10.88 TTT X
NGC 6611 254 B1V 1 26.0 2.8 4.17 C G016.9625+00.8313 9.56 9.37 9.28 TTT
NGC 6611 259 B0.5V 1 28.0 · · · · · · A G016.9831+00.8414 11.53 12.23 10.57 UUU X
NGC 6611 269 B1.5V 1 24.0 4.8 3.64 A G017.0239+00.8604 11.30 10.85 10.65 TTT X
NGC 6611 267 B3V 1 17.5 2.5 2.88 C G016.9664+00.8290 11.65 11.46 11.34 TTU
NGC 6611 275 B1.5V 1 24.0 2.2 3.53 C G016.9653+00.8262 10.81 10.65 10.53 TTT
NGC 6611 280 O9.5Vn 1 31.5 2.8 4.64 A G016.9667+00.8242 8.96 8.87 8.76 TTT X X
NGC 6611 283 B1/2e? 1 24.0 3.0 2.77f C G016.8682+00.7669 12.96 12.68 12.54 UTU
NGC 6611 289 B3V 1 17.5 2.8 3.08 C G016.9385+00.8031 11.19 11.00 10.96 TTU
NGC 6611 297 B2Vn 1 21.0 6.1 3.57 C G016.9854+00.8264 · · · · · · · · · TTT
NGC 6611 296 B1.5V 1 24.0 4.0 3.76 A G016.9543+00.8089 10.43 10.25 10.10 TTT X
NGC 6611 290 B2.5V 1 19.0 1.8 3.10 C G016.8309+00.7418 11.04 10.93 10.89 TTU
NGC 6611 305 B1V 1 26.0 4.7 4.05 C G016.9920+00.8277 10.49 10.05 9.79 TTT
NGC 6611 301 B2V 1 21.0 2.5 3.48 C G016.9773+00.8198 10.63 10.40 10.30 TTT
NGC 6611 300 B1.5Ve 1 24.0 · · · · · · C G016.9573+00.8088 · · · · · · · · · TTT
NGC 6611 306 B1.5Ve 1 24.0 2.7 3.57 C G016.9881+00.8253 10.86 10.59 10.54 TTT
NGC 6611 307 B1.5Ve 1 24.0 · · · · · · C G016.9642+00.8116 · · · · · · · · · TTT
NGC 6611 311 B3V 1 17.5 3.1 3.12 C G016.9569+00.8061 11.18 11.02 10.93 TTU
BD-13 4929 O7V+B0.5V+B0.5V: 4 37.0 2.7 5.07 A G016.9774+00.8159 8.25 8.08 7.94 TTT XM X
NGC 6611 343 B1V 1 26.0 4.2 4.39 C G016.9796+00.8009 9.48 9.12 8.90 TTT
NGC 6611 351 B1V 1 26.0 2.9 4.01 A G016.9619+00.7854 9.99 9.78 9.67 TTT X X
BD-13 4930 B0IVp He strong 1 29.5 1.5 4.48 A G016.9437+00.7664 8.80 8.77 8.76 TTT X X
NGC 6611 371 B0.5Ve 1 28.0 4.6 3.62f A G016.9878+00.7886 11.67 11.40 11.16 TTT X
HD 168137 O7V+O8V 4 37.0 2.5 5.21 A G016.9679+00.7632 7.83 7.68 7.58 TTT X X
Cl* NGC 6611 ESL 069 B2.5V 1 19.0 · · · · · · C G016.9161+00.7299 · · · · · · 11.40 TTT
NGC 6611 421 B1.5:V 1 24.0 · · · · · · A G017.0563+00.8043 11.87 11.32 10.24 TTT X
NGC 6611 444 B1.5V 1 24.0 −99.0 −99.00 A G017.0618+00.7941 11.53 12.12* 10.65 UUU X
NGC 6611 472 B3V+? 1 17.5 1.8 2.80 C G017.0396+00.7625 11.61 11.51 11.39 TTU
NGC 6611 469 B0.5Vn 1 28.0 2.7 4.25 C G016.9871+00.7336 9.58 9.45 9.31 TTT M
NGC 6611 468 B0.5V+B1: 1 28.0 2.0 4.50 C G016.8930+00.6800 8.71 8.65 8.61 TTT
Cl* NGC 6611 ESL 023 B3V 1 17.5 · · · · · · C G017.0612+00.7659 9.88 9.76 9.61 TTT M
NGC 6611 536 B1.5V+? 1 24.0 2.1 3.64 C G016.9056+00.6274 10.47 10.36 10.26 TTT M
NGC 6611 541 B1/3V 1 21.0 2.8 3.13 C G017.0800+00.7179 11.58 11.35 11.23 TTU
NGC 6611 601 B1.5V 1 24.0 3.7 4.06 A G016.9277+00.6322 9.70 9.52 9.40 TTT X
Cl* NGC 6611 BKP 25095 B3V 4 17.5 2.9 3.13 A G016.9304+00.5749 11.16 10.86 10.71 TTT X
M17
Cl* NGC 6618 SLS 17 O9 6 33.0 6.4 5.33 A G015.1325-00.5257 8.72 8.10 7.79 TTT X X
Cl* NGC 6618 HCS 997 B1V 7 26.0 5.6 3.88 C G014.9788-00.6585 11.43 10.93 10.63 UTU
Cl* NGC 6618 HCS 1520 B2V 7 21.0 · · · · · · · · · · · · · · · TTT
Cl* NGC 6618 B 337 B3 8 17.5 · · · · · · C G015.0412-00.6577 · · · · · · · · · TTT
Table 2 continued
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Table 2 (continued)
Star Ref. Teff (ST)
a ASEDV logL
SED
bol Spitzer origin & name J H KS Origin
c X-ray/ SED
Name ST ST (kK) (mag) (L) (GLIMPSE/K13)b (mag) (mag) (mag) JHKS IRE?d Cand?e
(1) (2) (3) (4) (5) (6) (7a) (7b) (8) (9) (10) (15) (16) (17)
Cl* NGC 6618 B 336 B3V 4 17.5 3.9 2.71 A G015.0267-00.6657 12.78 12.41 12.27 UUU X
Cl* NGC 6618 B 333 O9.5 7 31.5 · · · · · · A G015.0565-00.6500 11.66 10.75 10.15 TTT X
Cl* NGC 6618 B 331 B2 7 21.0 · · · · · · C G015.0326-00.6636 11.36 9.82 8.95 TTT
Cl* NGC 6618 B 319 B3 7 17.5 3.4 3.28 C G015.0476-00.6582 11.22 10.85 10.83 TTU
Cl* NGC 6618 HCS 3957 B3V 7 17.5 11.9 3.40 C G015.0567-00.6545 13.47 · · · 11.48 UTU M
Cl* NGC 6618 B 311 O9 7 33.0 6.1 4.88 A G015.0748-00.6460 9.77 9.20 8.88 TTT X X
Cl* NGC 6618 B 308 B2 7 21.0 8.1 3.28 A G015.0798-00.6440 13.10 12.31 11.83 UUU X
Cl* NGC 6618 B 299 B3 8 17.5 · · · · · · A G015.0470-00.6652 13.28 11.98 11.36 TTT X
Cl* NGC 6618 B 294 B3 7 17.5 8.3 3.34 C G015.0553-00.6621 12.53 11.69 11.17 UTU
Cl* NGC 6618 B 289 O9.5 7 31.5 · · · · · · 10.45 9.64 9.18 TTT X
M17 IRS 5 O6 7 39.0 · · · · · · 13.08 10.58 9.21 TTT X
Cl* NGC 6618 B 282 B3 8 17.5 10.0 3.51 A G015.0406-00.6730 12.67 11.54 10.94 TTT X
M17-UC1 B0 7 29.5 · · · · · · · · · · · · · · · TTT
Cl* NGC 6618 B 275 B2V 8 21.0 · · · · · · · · · · · · · · · TTT
Cl* NGC 6618 B 268 B2 7 21.0 · · · · · · C G015.0541-00.6688 11.79 10.54 9.49 TTT
Cl* NGC 6618 B 272 O9.5 7 31.5 9.8 4.28f A G015.0637-00.6638 12.25 11.35 10.86 TTT X
Cl* NGC 6618 B 269 B1V 8 26.0 · · · · · · A G015.0404-00.6769 10.75 9.85 8.98 TTT X
Cl* NGC 6618 B 267 B3 8 17.5 · · · · · · A G015.0459-00.6742 13.33 12.02 11.18 TTT X
Cl* NGC 6618 B 260 O6 7 39.0 7.1 5.52 A G015.0812-00.6569 8.93 8.21 7.82 TTT X X
Cl* NGC 6618 B 254 B3 8 17.5 · · · · · · 12.56 12.36 12.27 UUU X
Cl* NGC 6618 B 253 B3V 7 17.5 6.9 3.62 A G015.0443-00.6776 11.42 10.66 10.31 TTT X X
Cl* NGC 6618 B 248 B3 7 17.5 · · · · · · · · · · · · · · · TTT
Cl* NGC 6618 B 244 B0 7 29.5 · · · · · · · · · · · · · · · TTT
CEN 51 B3V 7 17.5 · · · · · · C G015.0602-00.6713 12.25 10.82 9.54 TTT
Cl* NGC 6618 B 245 B3 8 17.5 9.7 3.25 A G015.0850-00.6585 13.18 12.21 11.59 UUU X
Cl* NGC 6618 HCS 6500 B2V 7 21.0 10.8 4.68g A G015.1032-00.6488 10.45 9.30 8.63 TTT X X
Cl* NGC 6618 B 241 B2 8 21.0 · · · · · · 12.49 11.52 11.23 TTT X
Cl* NGC 6618 CEN 23 B3 7 17.5 4.2 2.80 C G015.0563-00.6768 12.64 12.30 12.13 UUU
Cl* NGC 6618 Sch 2 O6:V 1 39.0 5.0 5.56 A G015.0110-00.7015 8.14 7.73 7.48 TTT X X
Cl* NGC 6618 B 230 O9V 7 33.0 −99.0 −99.00 C G015.0481-00.6832 12.19 10.18 9.36 UTT M
Cl* NGC 6618 B 227 O9.5V 7 31.5 7.4 4.21f C G015.0468-00.6847 11.76 11.03 10.72 UTU
Cl* NGC 6618 B 223 B2 8 21.0 −99.0 −99.00 A G015.0520-00.6829 12.57 11.22 10.47 TTT X
Cl* NGC 6618 B 220 O9V 7 33.0 −99.0 −99.00 C G015.0645-00.6763 · · · 13.34 11.32 TUU
M17 IRS 15 B0.5 7 28.0 · · · · · · A G015.0328-00.6955 11.22 10.40 10.00 TTT XY
Cl* NGC 6618 B 213 O9 7 33.0 7.4 4.19f A G015.0734-00.6739 11.89 11.15 10.76 TTT X
Cl* NGC 6618 B 206 B1 8 26.0 · · · · · · 12.80 11.68 11.14 TTT X
Cl* NGC 6618 B 207 B2 8 21.0 · · · · · · A G015.0551-00.6846 12.38 11.45 11.00 TTT X
Cl* NGC 6618 CEN 55 B0Ve 7 29.5 · · · · · · A G015.0526-00.6871 11.94 10.98 10.44 TTT X
Cl* NGC 6618 B 204 B1 8 26.0 · · · · · · A G015.0702-00.6779 12.65 11.27 10.64 TTT X
Cl* NGC 6618 B 205 B2 7 21.0 · · · · · · A G015.0487-00.6893 11.38 10.63 10.25 TTT X
Cl* NGC 6618 B 203 B0 7 29.5 · · · · · · A G015.0526-00.6881 11.45 10.50 10.10 TTT X
Cl* NGC 6618 CEN 96 B2 8 21.0 · · · · · · · · · · · · · · · TTT
Cl* NGC 6618 B 190 B2 8 21.0 10.1 3.62 C G015.0643-00.6835 12.85 11.81 11.13 UTU
Cl* NGC 6618 B 197 O9V 7 33.0 9.0 4.70 C G015.0433-00.6950 11.15 10.14 9.69 TTT
[BFT2007] 536 O4V 7 42.0 · · · · · · · · · · · · · · · ... X
[BFT2007] 543 O4V 7 42.0 · · · · · · · · · · · · · · · ... X
Cl* NGC 6618 B 181 O9 7 33.0 · · · · · · 10.59 9.55 8.96 TTT X
Cl* NGC 6618 B 174 O6 7 39.0 · · · · · · 10.07 8.52 7.60 TTT X
Cl* NGC 6618 B 164 O7 7 37.0 8.0 5.13 A G015.0673-00.6870 10.02 9.22 8.76 TTT X X
Cl* NGC 6618 B 159 B1 8 26.0 −99.0 −99.00 A G015.0771-00.6830 12.59 11.30 10.73 TTT X
Cl* NGC 6618 B 152 B2 8 21.0 10.6 3.60 C G015.0741-00.6872 13.05 · · · 11.39 UTU
Cl* NGC 6618 B 150 B2 7 21.0 · · · · · · A G015.0470-00.7023 12.12 11.53 11.18 TTT XY
Cl* NGC 6618 B 140 B3V: 7 17.5 · · · · · · A G015.0339-00.7141 11.24 11.07 11.00 TTT X
Cl* NGC 6618 B 137 O5 7 41.0 14.4 5.84 A G015.0533-00.7045 10.52 8.94 8.05 TTT X X
Cl* NGC 6618 B 136 O9 7 33.0 8.1 4.36f C G015.0700-00.6956 11.66 10.80 10.40 UTT
Cl* NGC 6618 Sch 1 O4V(n)((fc)) 12 42.0 4.8 5.64 A G015.0731-00.7004 8.14 7.71 7.47 TTT X X
Cl* NGC 6618 HCS 12556 B3V 7 17.5 8.5 2.98 A G015.0964-00.6913 13.50 12.66 12.10 UUU X
BD-16 4818 O9 7 33.0 3.2 5.22 A G015.0658-00.7084 8.04 7.81 7.58 TTT X X
Cl* NGC 6618 CEN 45 B2 7 21.0 · · · · · · A G015.0645-00.7101 11.17 10.84 10.68 TTT X
Cl* NGC 6618 SLS 373 O8 6 35.0 7.8 5.84g,h A G014.9945-00.7486 8.03 7.23 6.81 TTT X
Cl* NGC 6618 B 58 B0: 7 29.5 8.0 4.32 C G015.1186-00.6916 11.47 10.68 10.26 TTT M
BD-16 4826 O5.5V((f))z 12 40.0 3.6 5.59 A G015.2604-00.7263 7.75 7.46 7.27 TTT X X
LS 4957 B0Ib 1 29.5 4.8 5.27 A G015.3213-00.7758 8.10 7.70 7.47 TTT X X
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Table 2 (continued)
Star Ref. Teff (ST)
a ASEDV logL
SED
bol Spitzer origin & name J H KS Origin
c X-ray/ SED
Name ST ST (kK) (mag) (L) (GLIMPSE/K13)b (mag) (mag) (mag) JHKS IRE?d Cand?e
(1) (2) (3) (4) (5) (6) (7a) (7b) (8) (9) (10) (15) (16) (17)
W3
2MASS J02252738+6203432 B0V-B2V 4 26.0 · · · · · · C G133.7034+01.1725 11.22 10.45 9.99 TTT Y
[OWK2005] 10032 O8/8.5V 1 35.0 7.2 5.15 A G133.6932+01.2032 9.59 8.90 8.48 TTT X X
IRS4 O8V-B0.5V 9 33.0 · · · · · · · · · · · · · · · TTT
IC 1795 36 B2 1 21.0 · · · · · · C G133.7129+01.1707 · · · · · · · · · TTT
IRS N2 B0.5V-B2V 9 26.0 · · · · · · 11.69 10.49 9.78 TTT X
IRS N5 B1V-B3V 9 21.0 19.3 4.34 C G133.7047+01.1982 13.96 11.78 10.54 TTT M
IRS N1 B2V-B3V 9 19.0 · · · · · · 17.52 13.94 11.85 TTT X
2MASS J02253750+6205244 B0V-B2V 4 26.0 · · · · · · 12.36 11.08 10.36 TTT X
IRS 3a O5V-O7V 9 39.0 · · · · · · 17.29 14.76 11.66 TTT X
IRS7 O9V-B2V 9 28.0 · · · · · · · · · · · · · · · TTT
IRS2b B0V-B1V 9 28.0 · · · · · · · · · · · · · · · TTT
IRS2a O8V-O9V 9 34.0 · · · · · · 12.68 11.54 9.80 TTT X
IRS2 O6.5V-O7.5V 9 37.0 · · · · · · 12.06 10.04 8.85 TTT X
IRS N4 B0.5V-B2V 9 26.0 7.8 4.69 A G133.7355+01.1842 10.19 9.35 8.90 TTT X X
IRS2c B0V-B1V 9 28.0 · · · · · · · · · · · · · · · TTT
IRS N6 B3V-B4V 9 17.5 · · · · · · 12.82 11.56 10.75 TTT X
BD+61 411 O6.5V((f)) 1 38.0 3.4 5.42 A G133.8437+01.1724 7.98 7.72 7.61 TTT XM X
[OWK2005] 1007 B1/2V 1 24.0 3.3 3.29f C G133.8640+01.1569 12.06 11.79 11.64 TTT
[OWK2005] 3041 O9.7Ia 1 30.5 7.6 5.55 A G133.8490+01.2176 8.37 7.68 7.26 TTT X X
[OWK2005] 4012 B2V 1 21.0 3.3 3.29 C G133.8677+01.1767 11.67 11.37 11.25 TTT
[OWK2005] 7044 O6 1 39.0 · · · · · · 9.30 8.52 8.10 TTT X
W3(OH) ionizing source O9 10 33.0 39.6 4.51i A G133.9473+01.0643 · · · · · · · · · ... XY
[OWK2005] 3018 B1V 1 26.0 3.2 3.94 A G133.9229+01.2523 10.59 10.36 10.22 TTT X
2MASS J02273459+6155571 B0IIIe-B1IIIe 4 28.0 · · · · · · C G133.9822+01.1410 · · · · · · · · · TTT
W4
J023119.75+613016.2 B2.5V 1 19.0 2.7 3.56 K G134.5536+00.9076 10.51 10.27 10.15 TTT
J023156.17+613213.4 B1V 1 26.0 2.0 4.25 K G134.6083+00.9650 9.45 9.34 9.29 TTT X X
J023206.48+612954.2 B1.5V 1 24.0 3.3 3.38f K G134.6419+00.9369 11.83 11.55 11.41 TTT
J023210.85+613307.9 B0.2V 1 29.5 2.0 4.68 K G134.6295+00.9900 8.79 8.74 8.65 TTT X X
LS I +61 277 B1Ve 1 26.0 · · · · · · K G134.7025+00.8150 · · · · · · · · · TTT
J023216.76+613315.1 O9.5V((f)) 1 31.5 2.4 4.65 K G134.6396+00.9963 · · · · · · · · · ... X
J023218.38+612752.8 B1V 1 26.0 2.5 4.05 K G134.6766+00.9146 10.12 9.96 9.89 TTT
2MASS J02322991+6127076 B3V 4 17.5 3.3 3.14 K G134.7025+00.9118 11.61 11.24 11.12 TTT X
J023234.56+613219.1 B1.5V 1 24.0 2.4 4.14 K G134.6782+00.9953 9.64 9.50 9.40 TTT
BD+60 501 O7V((f)) 1 37.0 2.1 5.01 K G134.7061+00.9367 8.55 8.43 8.39 TTT X X
J023240.85+612759.8 B1V 1 26.0 · · · · · · · · · · · · · · · ... X
HD 15558 O5.5(III)(f)+O7(V) 1 39.0 2.7 5.86 K G134.7243+00.9249 6.73 6.61 6.52 TTT X X
J023242.73+612934.4 B1.5V 1 24.0 1.9 3.89 K G134.7107+00.9592 10.14 10.03 9.96 TTT
2MASS J02324353+6126319 B2.5V 4 19.0 2.9 3.31 K G134.7314+00.9130 11.22 10.89 10.78 TTT X
J023243.92+612720.4 B0.5V 1 28.0 1.5 4.34 K G134.7270+00.9256 9.46 9.38 9.28 TTT X
J023246.05+612756.8 B1IV 1 26.0 2.2 3.78f K G134.7270+00.9366 10.71 10.56 10.50 TTT
Cl* IC 1805 HG 157 B2.5V 4 19.0 2.2 2.91f K G134.7061+00.9926 11.97 11.78 11.68 TTT X
2MASS J02324756+6127000 B1.5V 4 24.0 5.2 3.99 K G134.7359+00.9232 10.52 10.19 10.02 TTT X
HD 15570 O4If+ 1 40.0 3.7 6.10 K G134.7666+00.8584 6.48 6.31 6.16 TTT XM
J023254.67+612253.3 B1.5V 1 24.0 2.4 3.73 K G134.7751+00.8652 10.68 10.51 10.45 TTT M
Cl* IC 1805 NBE 25 B2.5V 4 19.0 1.7 3.11 K G134.7314+00.9726 11.31 11.21 11.15 TTT
J023255.24+613856.9 B1V 1 26.0 1.9 4.07 K G134.6741+01.1131 9.88 9.81 9.77 TTT
Cl* IC 1805 NBE 26 B3V 4 17.5 1.9 2.98 K G134.7371+00.9726 11.51 11.38 11.34 TTT
J023257.83+612726.6 B2.5V 1 19.0 1.9 3.39 K G134.7520+00.9378 10.69 10.54 10.45 TTT X
J023258.99+612223.5 B1.5V 1 24.0 2.4 3.91 K G134.7862+00.8608 10.22 10.06 9.99 TTT
J023259.47+613634.8 B1.5V 1 24.0 2.1 3.52f K G134.6969+01.0798 11.12 10.97 10.93 TTT
J023304.75+612821.1 B2.5V 1 19.0 2.0 3.54 K G134.7589+00.9570 10.34 10.16 10.12 TTT X
2MASS J02330527+6127072 B2.5V :D 4 19.0 3.2 3.26 K G134.7677+00.9385 11.42 11.06 10.96 TTT XM
J023309.06+612746.1 B1V 1 26.0 2.6 3.53f K G134.7705+00.9513 11.45 11.28 11.19 TTT
J023311.48+612703.1 B0.5V 1 28.0 2.8 4.25 K G134.7796+00.9421 9.89 9.78 9.72 TTT
J023311.88+612728.2 B1V 1 26.0 2.1 3.93 K G134.7776+00.9489 10.28 10.19 10.11 TTT
2MASS J02331822+6132119 B2V 4 21.0 2.2 3.26 K G134.7592+01.0266 11.39 11.24 11.16 TTT X
J023320.50+613223.3 B2.5V 1 19.0 2.2 3.08 K G134.7621+01.0312 11.54 11.36 11.27 TTT
HD 15629 O5V((f)) 1 41.0 2.2 5.59 K G134.7693+01.0146 7.42 7.32 7.27 TTT X X
J023343.01+612612.2 B1V 1 26.0 2.2 4.16 K G134.8430+00.9532 9.75 9.63 9.54 TTT
J023344.32+612618.3 B2V 1 21.0 2.3 3.11f K G134.8448+00.9557 11.78 11.66 11.56 TTT
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Star Ref. Teff (ST)
a ASEDV logL
SED
bol Spitzer origin & name J H KS Origin
c X-ray/ SED
Name ST ST (kK) (mag) (L) (GLIMPSE/K13)b (mag) (mag) (mag) JHKS IRE?d Cand?e
(1) (2) (3) (4) (5) (6) (7a) (7b) (8) (9) (10) (15) (16) (17)
Trifid Nebula
ADS 10991C B1V 1 26.0 · · · · · · · · · · · · · · · ... X
HD 164492 O8V 1 35.0 · · · · · · 7.40 7.39 7.30 TTT X
NGC 3576
HD 97319 O7.5IV((f)) 12 35.0 1.4 5.36 A G291.1153-00.5693 7.98 7.98 7.93 TTT X X
HD 97352 B3V 4 17.5 1.0 4.06 C G291.1522-00.5884 9.23 9.23 9.19 TTT
HD 306192 B3 4 17.5 0.8 4.04 A G291.1515-00.4678 9.25 9.25 9.27 TTT X X
HD 97452 B3Vn: 1 17.5 0.7 4.00 C G291.3174-00.8227 9.29 9.31 9.27 TTT
HD 306206 B0V 4 29.5 3.2 4.30 C G291.2859-00.7056 10.81 10.59 10.37 TTT
EM Car O7.5V((f))+O7.5V((f)) 12 35.0 · · · · · · A G291.2156-00.5042 7.97 7.90 7.83 TTT X
CPD-60 2641 B0V 1 29.5 2.9 4.72 A G291.2904-00.6684 9.65 9.46 9.35 TTT X X
HD 97499 B1/2IV/V 1 24.0 1.1 4.56 C G291.3069-00.7014 8.87 8.92 8.86 TTT
HD 306207 B2 4 21.0 1.5 3.75 C G291.3420-00.7087 10.62 10.59 10.54 TTT
HD 97629 B3/5Ib/II 1 17.5 0.8 4.02 C G291.3399-00.4745 9.30 9.27 9.31 TTT
NGC 1893
Cl* NGC 1893 Hoag 14 B2:Vnn 1 21.0 4.1 3.87 K G173.4845-01.7192 11.69 12.35* 11.06 UUU XM
HD 242908 O6V((f)) 1 39.0 2.0 5.64 K G173.4717-01.6646 8.28 8.25 8.19 TTT X X
Cl* NGC 1893 HOAG 17 B1V 4 26.0 1.8 3.89 K G173.5022-01.6643 11.53 11.43 11.46 TTU
Cl* NGC 1893 HOAG 23 B1.5V 1 24.0 2.3 3.75 K G173.5916-01.7145 11.84 11.69 11.62 TTT X
Cl* NGC 1893 Cuf 3215 O5V(f) 1 41.0 5.1 5.54 K G173.6095-01.7154 · · · · · · · · · ... X
HD 242926 O8V((f)) 1 35.0 2.2 5.47 K G173.6535-01.7439 8.51 8.42 8.37 TTT X X
Cl* NGC 1893 Cuf 3103 B0.5IVe 1 28.0 · · · · · · K G173.5777-01.6796 · · · · · · · · · TTT
BD+33 1025 O8 4 35.0 1.6 4.94 K G173.5610-01.6640 9.65 9.63 9.58 TTT X X
Cl* NGC 1893 Cuf 3117 B0.2V 1 29.5 1.8 4.38 K G173.5602-01.6602 10.70 10.65 10.62 TTT X X
Cl* NGC 1893 Cuf 3101 B2V 1 21.0 1.9 3.67 K G173.5914-01.6801 11.52 11.39 11.32 TTT X
Cl* NGC 1893 Cuf 3104 B1.5Ve 1 24.0 · · · · · · K G173.5854-01.6721 · · · · · · · · · TTT
UCAC2 43411288 B2 1 21.0 1.9 3.66 K G173.5803-01.6681 11.57 11.44 11.36 TTT X
HDE 242935A O6.5V((f))z 11 38.0 · · · · · · K G173.5833-01.6686 · · · · · · · · · ... XY
Cl* NGC 1893 Cuf 2118 B0.7V 1 28.0 1.6 4.28 K G173.5661-01.6439 10.72 10.69 10.67 TTT
Cl* NGC 1893 Cuf 2243 B0.5V 1 28.0 1.5 4.15 K G173.6238-01.6723 11.02 10.99 10.99 TTT
Cl* NGC 1893 Cuf 2241 B1.5V 1 24.0 1.4 3.73 K G173.6203-01.6637 11.57 11.57 11.55 TTU M
Cl* NGC 1893 HOAG 21 B2V 4 21.0 2.1 3.61 K G173.5937-01.6294 11.61 11.44 11.29 TTT X
Cl* NGC 1893 HOAG 19 B1.5V 4 24.0 1.8 3.66 K G173.6478-01.6649 11.91 11.82 11.82 TTU
Cl* NGC 1893 Cuf 2102 B1V 1 26.0 · · · · · · K G173.5864-01.6222 11.46 11.32 11.26 TTT X
Cl* NGC 1893 HOAG 25 B1.5V 4 24.0 1.7 3.46f K G173.6227-01.6447 12.39 12.26 12.21 TTT
J052300.44+332948.2 B1.5V 1 24.0 1.3 3.78 K G173.5473-01.5852 · · · · · · 11.42 TTU
Cl* NGC 1893 Hoag 11 B0.5V 1 28.0 2.7 4.46 K G173.5258-01.5628 10.56 10.46 10.40 TTT M
J052307.57+332837.9 B2.5V 1 19.0 4.2 3.77g K G173.5774-01.5758 11.70 11.24 10.94 TTT X X
[MJD95] J052308.30+332837.5 B1.5Ve 4 24.0 −99.0 −99.00 K G173.5788-01.5735 12.50 10.95 10.25 UTT M
Cl* NGC 1893 Cuf 1235 B0:e 1 29.5 · · · · · · K G173.5614-01.5575 · · · · · · · · · TTT
Cl* NGC 1893 Hoag 10 B1III 1 26.0 1.9 4.48 K G173.7213-01.6521 10.10 10.02 9.97 TTT
Cl* NGC 1893 Hoag 7 B0.2V 1 29.5 1.9 4.68 K G173.5190-01.5073 9.99 9.94 9.89 TTT X X
J052317.11+333536.7 B1.5V 1 24.0 1.9 3.63 K G173.5001-01.4827 12.00 11.95 11.87 UTU
HD 243018 B1III 1 26.0 1.3 4.25 K G173.6214-01.5557 10.48 10.47 10.48 TTT X X
Cl* NGC 1893 Hoag 12 B0.5V 1 28.0 2.0 4.47 K G173.5525-01.5073 10.36 10.28 10.27 TTT M
HD 243035 B0.5V 1 28.0 1.7 4.52 K G173.5329-01.4753 10.15 10.14 10.10 TTT
Cl* NGC 1893 CUF 2309 B1.5III 1 24.0 1.2 3.88f K G173.6458-01.5488 11.17 11.14 11.16 TTU
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Star Ref. Teff (ST)
a ASEDV logL
SED
bol Spitzer origin & name J H KS Origin
c X-ray/ SED
Name ST ST (kK) (mag) (L) (GLIMPSE/K13)b (mag) (mag) (mag) JHKS IRE?d Cand?e
(1) (2) (3) (4) (5) (6) (7a) (7b) (8) (9) (10) (15) (16) (17)
Note—Spectral type (ST) references: (1) Skiff (2009), (2) Shuping et al. (2012), (3) Ellerbroek et al. (2012), (4) SIMBAD (Wenger et al. 2000), (5) Ma´ız Apella´niz et al.
(2007), (6) Schulz et al. (1981), (7) Hoffmeister et al. (2008), (8) Chini et al. (1980) (9) Bik et al. (2012), (10) Hirsch et al. (2012), (11) Sota et al. (2011), (12) Ma´ız
Apella´niz et al. (2016).
a From the Martins et al. (2005) calibrations of Teff vs. spectral type for O stars, extended to early B stars by Crowther (2005).
b In column (8a), K = MYStIX MIR point source from K13, C/A = GLIMPSE pipeline point source from highly-reliable Catalog or more-complete Archive (see Povich
et al. 2013 for details).
c Photometry from (T)woMASS or (U)KIRT, in each NIR band.
d Y = definite IR excess emission evident at λ ≤ 4.5 µm, M = “marginal” IR excess emission (or systematics in photometry) affecting the [5.8] and/or [8.0] IRAC bands.
SED fitting of “M” sources always excluded the [5.8] and [8.0] bands. SED fitting results for “Y” sources are reported only when the four JHKS + [3.6] bands could be
well-fit by photospheric models, except where otherwise noted.
e If checked, star was among the 67 selected independently by our procedure for identifying OB candidates among IR SEDs that were counterparts to MYStIX X-ray sources.
The remaing 128 MYStIX OB stars were not selected because they lacked X-ray detections, had insufficient/poor MIR counterpart photometry for SED fitting, or were less
luminous than the B1 V equivalent cutoff.
f Star is significantly underluminous when compared to theoretical calibrations of luminosity versus spectral type, logLbol(ST ) − logLSEDbol & 0.3 dex. Could indicate
incorrect identification of MIR source, confusion/saturation affecting IR photomery, inaccurate published spectral type, or underestimate of distance to the star.
g Star is significantly overluminous compared to theoretical calibrations of luminosity versus spectral type, logLSEDbol − logLbol(ST ) & 0.5 dex. Could indicate incorrect
identification of MIR source, unresolved multiple system, other confusion/saturation affecting IR photometry, inaccurate published spectral type, or overestimate of distance
to the star.
hNo luminosity class specified with ST, but SED fitting indicates supergiant star.
i W3(OH) ionizing source SED was fit using the Robitaille et al. (2006) YSO models.
∗ Photometry datapoint excluded from SED fitting.
We mark known spectroscopic binaries (or higher-
multiple systems) with boxed symbols in Figure 3. Since
multiplicity is common among massive stars (Sana et
al. 2013), but the fraction of MYStIX OB stars classi-
fied as binaries is low, it is probable that a significant
fraction of the stars listed in Table 2 have undiscovered
multiplicity. An unresolved, equal-mass binary system
misclassified as a single star will be over-luminous by
0.3 dex, placing it significantly above our observed sym-
metrical scatter of 0.2 dex around the O-type ZAMS
on the H-R diagram. This extra luminosity is sufficient
to move a star from the O-type ZAMS to the O giant
sequence (Martins et al. 2005). We hence identify six
candidate equal-mass binary systems, or alternatively
single O-type giants, that may have been misclassified
as single O dwarfs (+ symbols without boxes located
along the O giant sequence in Figure 3). These possi-
ble multiple systems are mentioned in the discussions of
their respective parent regions in Appendix A.
The O-type giants and supergiants lie significantly
above the ZAMS, as expected, with the exception of
two O giants in NGC 6357 (see Appendix A.7). We
identify five candidate O (super)giants with no pub-
lished luminosity class (open circles located on or above
the O giant sequence in Figure 3), four in M17 (Ap-
pendix A.9) and the most luminous known O star in
NGC 6334 (Appendix A.6). Our SED fitting measured
logLSEDbol /L > 6 for three O supergiant systems that
constitute the the dominant ionizing stars in NGC 2362,
W4, and the Pismis 24 cluster of NGC 6357. We discuss
Figure 3. HR diagram for spectroscopically classified OB
stars in all MYStIX regions with successful SED fitting
results (Table 2). Symbols encode published luminosity
classes: + signs for dwarfs (V), asterisks for (sub)giants
(III/IV), diamonds for supergiants or bright giants (I/II),
and circles for no published luminosity class. Known
(spectroscopic) binaries are additionally marked with boxes
around the symbols. A small random shift in temperature,
equivalent to a fraction of a spectral subclass, had been given
to each data point to avoid strongly overlapping the symbols
in the plot. Random uncertainties are typically smaller than
the plotting symbols, and possible systematic errors are dis-
cussed in the main text. The theoretical ZAMS for O and
B-type stars are plotted as the two solid black curves, while
dashed and dash-dotted curves mark the O giant and super-
giant sequences, respectively, from Martins et al. (2005).
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each of these systems in the appendix, and we reiterate
here the caveat that our LSEDbol and A
SED
V values must be
regarded as upper limits, especially for stars with very
strong mass loss (P11).
Some individual OB stars are strong outliers in lumi-
nosity for their published spectral types, and these are
noted in Table 2. Two stars in the Eagle Nebula and
four in M17 are among the most extreme examples of
SED fitting results that are under-luminous compared
to their published spectral types, as discussed in the ap-
pendix (A.8 and A.9).
Compared to the O stars, the MYStIX B-type stars
show far more scatter about the theoretical ZAMS,
nearly one order of magnitude in Lbol. Similar large
scatter on the H-R diagram is evident for early B stars
both in Carina (Gagne´ et al. 2011) and in W3; in the lat-
ter case Kiminki et al. (2015) point out that this scatter
is dominated by uncertainties in spectral types. While
in general we have no information about uncertainties
on the spectral types from the literature, we suspect
that the difficulty in assigning accurate spectral types
to (often obscured) early B stars dominates the scatter
in our sample as well. We therefore cannot accurately
identify new candidate binaries of evolved (super)giants
among the MYStIX B stars, and we caution the reader
that published early-B spectral types in obscured star-
forming regions should be viewed with some skepticism.
Comparing the individual MYStIX regions to each
other, Figure 3 reveals no regions that show signifi-
cant, systematic shifts to higher or lower luminosities
for their ensemble of OB stars compared to the expecta-
tions from their spectral types. This suggests that the
assumed distance to each region (Table 1) is accurate
to within ∼25% to 50%, the relatively loose constraints
provided by the observed luminosity dispersion about
the OB ZAMS.
3.2. MYStIX Candidate X-ray-Emitting OB Stars
The 98 candidate MYStIX OB stars satisfying our
SED-based selection criteria (Section 2.2) are listed in
Table 3, while Table 4 lists the additional 27 candidate
OB stars identified via our secondary NIR selection cri-
teria (Section 2.3). The first two columns in each table
give the the MYStIX X-ray source designation, which
encodes the source position in equatorial (J2000; sex-
igesmal) coordinates. Within each MYStIX region, can-
didates are sorted and numbered first by method of iden-
tification and then by increasing right ascension, hence,
for example, in NGC 6357 the first of the 25 primary
X-ray OB candidates from SED fitting is MYStIX OB
candidate (MOBc) NGC 6357 1, while the first of the
secondary X-ray OB candidates from NIR photometry
is MOBc NGC 6357 26.
Columns 3–5 in Table 3 give results from the SED fit-
ting: the interstellar extinction (magnitudes AMSV ), stel-
lar effective temperature (TMSeff in kilo-degrees Kelvin)
and bolometric luminosity (logLMSbol/L), assuming the
stars lie on the ZAMS (Figure 1). Columns 3 and 4 in
Table 4 give the analogous information for our secondary
X-ray NIR candidates: AMSV and M
MS
J from dereddening
observed J −H colors and J magnitudes to the ZAMS
(Figure 2, CMDs in bottom right panels). Formally, all
of these “MS” extinction, luminosity, and temperature
values are upper limits only, pending follow-up spectral
typing.
Table 3. Candidate X-ray-emitting OB Stars from SED Fitting
MOBc AMSV
b TMSeff
b logLMSbol
b Spitzer J H KS Origin Other ID/ST (Ref);
e
Name X-ray IDa (mag) (kK) L Namec (mag) (mag) (mag) NIRd IRE?
(1) (2) (3) (4) (5) (6) (7) (8) (9) (14) (15)
Lagoon 1 180307.97-242355.1 5.8 28.7 4.4 G005.8929-01.0766 10.09 9.49 9.20 T
Lagoon 2 180322.59-242204.9 3.7 33.2 4.8 G005.9468-01.1098 8.72 8.31 8.14 T
Lagoon 3 180400.80-242334.6 7.3 28.1 4.3 G005.9963-01.2484 10.63 9.82 9.41 T
Lagoon 4 180423.55-242116.8 4.8 25.8 4.0 G006.0721-01.3048 10.29 9.74 9.54 T OB (Bik15)
Lagoon 5 180438.91-242414.1 4.3 39.2 5.4 G006.0578-01.3799 7.99 7.46 7.29 T NGC 6530 95/K0III (2)
RCW 38 1 085859.19-472658.0 11.0 26.8 4.2 G351.1645+00.6753 12.22 10.99 10.32 T OBc (1)
RCW 38 2 085901.68-473037.1 7.9 27.2 4.2 G351.2109+00.6680 11.14 10.33 9.89 T OBc (1)
NGC 6334 1 172003.34-355824.8 4.0 30.2 4.5 G351.1645+00.6753 9.44 9.04 8.81 T
NGC 6334 2 172012.99-355622.3 8.0 34.9 5.0 G351.2109+00.6680 9.92 9.13 8.68 T M
NGC 6334 3 172014.17-355456.0 37.9 25.9 4.1 G351.2329+00.6785 21.46 16.54 13.74 U
NGC 6334 4 172015.03-355427.4 14.3 26.0 4.1 G351.2411+00.6807 13.34 11.73 10.87 T
NGC 6334 5 172021.06-354727.7 8.3 37.9 5.2 G351.3487+00.7304 9.57 8.72 8.27 T
NGC 6334 6 172024.87-354415.1 10.1 44.0 5.8 G351.3997+00.7506 9.02 7.94 7.36 T
NGC 6334 7 172026.46-355235.8 36.7 27.8 4.3 G351.2886+00.6668 19.58 15.98 13.44 U
NGC 6334 8 172027.12-355412.3 8.8 30.1 4.5 G351.2679+00.6498 10.87 9.98 9.48 T
NGC 6334 9 172032.79-355145.9 33.3 27.8 4.3 G351.3123+00.6572 18.66 15.38 12.92 U
NGC 6334 10 172040.61-354835.5 36.8 26.2 4.1 G351.3706+00.6657 21.11 16.21 13.53 U
NGC 6334 11 172043.46-354917.2 33.7 30.5 5.6 G351.3667+00.6511 · · · 12.35 10.17 T
Table 3 continued
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Table 3 (continued)
MOBc AMSV
b TMSeff
b logLMSbol
b Spitzer J H KS Origin Other ID/ST (Ref);
e
Name X-ray IDa (mag) (kK) L Namec (mag) (mag) (mag) NIRd IRE?
(1) (2) (3) (4) (5) (6) (7) (8) (9) (14) (15)
NGC 6334 12 172044.66-354916.7 14.1 37.9 5.2 G351.3691+00.6479 11.34 9.79 8.93 T M
NGC 6334 13 172048.00-354919.0 10.1 28.0 4.3 G351.3750+00.6382 11.69 10.63 10.05 T
NGC 6334 14 172103.69-354403.5 5.8 29.0 4.4 G351.4771+00.6448 10.18 9.60 9.30 T
NGC 6357 1 172405.60-340709.6 4.3 33.3 4.8 G353.1603+01.0475 9.03 8.63 8.46 T IRAS 17207-3404/OBc (3,4)
NGC 6357 2 172434.78-341318.0 5.9 26.1 4.1 G353.1323+00.9068 10.75 10.09 9.79 T OBc (4)
NGC 6357 3 172440.49-341206.3 5.6 29.7 4.5 G353.1598+00.9017 10.05 9.45 9.14 T Pis 24-4/OBc (4)
NGC 6357 4 172442.87-340911.6 8.8 31.9 4.7 G353.2046+00.9222 10.66 9.73 9.23 T OBc (4)
NGC 6357 5 172443.40-340845.7 17.4 34.3 4.9 G353.2116+00.9248 12.86 10.95 9.90 T
NGC 6357 6 172447.56-341048.6 13.3 29.8 4.5 G353.1914+00.8937 12.34 10.87 10.17 T OBc (4)
NGC 6357 7 172447.86-341517.0 6.0 34.8 5.0 G353.1304+00.8509 9.36 8.75 8.42 T Pis 24-7/OBc (4)
NGC 6357 8 172448.46-341743.8 5.0 36.7 5.1 G353.0977+00.8263 8.76 8.30 8.03 T OBc (4)
NGC 6357 9 172455.08-341111.5 7.5 33.0 4.8 G353.2007+00.8687 10.09 9.29 8.87 T OBc (4)
NGC 6357 10 172457.94-342332.1 5.8 35.1 5.0 G353.0360+00.7450 9.22 8.66 8.38 T
NGC 6357 11 172511.53-342241.6 18.0 30.3 4.5 G353.0739+00.7141 · · · 11.79 · · · U
NGC 6357 12 172528.51-342652.5 5.3 27.0 4.2 G353.0489+00.6268 10.40 9.88 9.64 T OB (Bik15)
NGC 6357 13 172532.57-342400.0 5.0 36.7 5.1 G353.0964+00.6421 8.72 8.27 8.05 T OBc (9)
NGC 6357 14 172547.33-342154.1 5.8 25.9 4.1 G353.1538+00.6196 10.74 10.15 9.87 T OB (Bik15)
NGC 6357 15 172554.16-342156.4 6.2 25.9 4.1 G353.1664+00.5998 10.87 · · · 9.91 T OB (Bik15); M
NGC 6357 16 172557.29-341850.8 7.8 32.0 4.7 G353.2152+00.6197 10.33 9.52 9.10 T OB (Bik15)
NGC 6357 17 172558.08-341606.1 6.8 26.1 4.1 G353.2546+00.6431 11.00 10.26 9.90 T OB (Bik15)
NGC 6357 18 172558.15-342119.2 8.1 32.1 4.7 G353.1826+00.5944 10.42 9.53 9.09 T OB (Bik15)
NGC 6357 19 172559.40-341734.3 7.6 38.9 5.3 G353.2368+00.6255 9.18 8.43 8.00 T
NGC 6357 20 172602.07-341757.6 8.9 33.0 4.8 G353.2366+00.6143 10.52 9.52 9.06 T OB (Bik15)
NGC 6357 21 172603.20-341629.8 6.0 44.0 5.8 G353.2590+00.6248 7.92 7.33 6.98 T
NGC 6357 22 172604.04-341520.0 8.1 33.9 4.9 G353.2768+00.6332 10.17 9.27 8.79 T OB (Bik15)
NGC 6357 23 172604.25-341557.0 24.3 28.9 4.4 G353.2686+00.6269 15.75 13.16 11.52 U OB (Bik15)
NGC 6357 24 172604.71-341526.3 13.7 32.7 4.8 G353.2765+00.6303 12.06 10.52 9.68 T OB (Bik15)
NGC 6357 25 172604.72-341611.2 8.5 26.1 4.1 G353.2663+00.6234 11.47 10.64 10.14 T OB (Bik15)
Eagle 1 181836.89-132822.9 7.5 37.0 5.2 G017.2267+00.9907 9.70 8.87 8.51 T
Eagle 2 181849.41-134501.9 17.3 32.0 4.7 G017.0059+00.8148 · · · 11.67 10.52 U
Eagle 3 181900.16-132520.1 5.7 35.1 5.0 G017.3161+00.9316 9.41 8.85 8.49 T
Eagle 4 181925.08-134511.6 35.5 26.1 4.1 G017.0719+00.6863 19.78 16.17 13.75 U
Eagle 5 181927.15-134943.4 9.2 33.7 4.9 G017.0093+00.6433 10.71 9.72 9.23 T
Eagle 6 181928.90-134658.3 18.9 42.1 5.6 G017.0531+00.6588 12.46 10.29 9.13 T
Eagle 7 182005.47-134323.1 16.9 26.9 4.2 G017.1757+00.5564 14.19 · · · · · · T
M17 1 182008.27-160552.1 10.8 29.8 4.5 G015.0871-00.5738 11.95 10.71 10.11 T
M17 2 182015.63-160613.0 5.6 33.1 4.8 G015.0960-00.6026 9.82 9.18 8.98 T Late-type (WIRO)
M17 3 182024.10-160840.4 14.8 26.1 4.1 G015.0759-00.6518 13.68 12.26 11.32 U
M17 4 182027.40-161255.0 40.0 30.8 4.6 G015.0198-00.6968 · · · 16.39 13.62 U
M17 5 182029.12-161247.6 21.6 26.8 4.2 G015.0249-00.7018 15.72 13.45 12.10 U
M17 6 182034.39-160938.7 19.3 43.9 5.8 G015.0809-00.6957 · · · 10.33 9.09 T Cl* NGC 6618 B 113
M17 7 182047.67-160136.3 3.0 36.7 5.1 G015.2244-00.6796 8.43 8.23 8.18 T BD-16 4822/OBc (5), B2 (WIRO)
M17 8 182048.01-161721.0 17.1 26.9 4.2 G014.9935-00.8044 14.27 12.42 11.43 U
M17 9 182051.05-155658.1 3.6 36.2 5.1 G015.2989-00.6550 8.70 8.36 8.23 T BD-16 4823/G0 (6), Late-type (WIRO)
M17 10 182053.85-160306.5 3.4 35.9 5.1 G015.2139-00.7131 8.70 8.41 8.28 T Late-type (WIRO)
M17 11 182101.16-160547.4 2.8 31.1 4.6 G015.1882-00.7598 9.24 9.02 8.93 T LS 4943/OBc (7), O9 (WIRO)
M17 12 182102.66-155858.3 5.9 34.9 5.0 G015.2913-00.7118 9.61 9.03 8.72 T B3 (WIRO)
M17 13 182112.27-155421.3 5.1 26.9 4.2 G015.3773-00.7095 · · · 10.20 · · · T
M17 14 182115.23-161334.7 4.8 31.7 4.7 G015.1001-00.8707 9.96 9.38 9.19 T Late-type (WIRO)
M17 15 182115.62-160737.0 13.5 43.1 5.7 G015.1886-00.8254 10.77 9.28 8.45 T
M17 16 182119.78-160619.2 20.9 26.1 4.1 G015.2155-00.8300 15.54 13.37 12.07 U
M17 17 182125.96-160117.8 2.0 30.9 4.6 G015.3009-00.8122 9.00 8.95 8.85 T BD-16 4832/OBc (7), B2-B4 (WIRO)
M17 18 182127.79-155732.6 2.9 38.2 5.3 G015.3597-00.7895 8.17 · · · · · · T BD-16 4834/OBc (7), B3 I (WIRO)
W3 1 022518.56+620116.9 9.3 40.2 5.4 G133.7017+01.1284 9.88 8.94 8.40 T O5-O7V + O7-O9V (8)
W3 2 022527.44+620506.0 16.9 26.8 4.2 G133.6953+01.1940 14.37 12.61 11.59 T
W3 3 022616.94+620735.1 10.4 31.0 4.6 G133.7707+01.2671 11.57 10.57 10.02 T B: (8)
W3 4 022638.18+620940.0 3.1 25.9 4.1 G133.7969+01.3144 10.32 9.99 9.90 T IC 1795 71/G5: (6)
W3 5 022655.52+621050.7 7.1 27.9 4.3 G133.8212+01.3451 11.16 10.49 10.09 T B1V (8)
W4 1 023113.84+613046.3 2.4 32.1 4.6 G134.5397+00.9109 14.89 14.20 13.88 T M
Trifid 1 180241.19-224905.1 5.5 34.4 4.9 G007.2180-00.2089 10.23 9.72 9.39 T O8.5-Early B (Kuhn16)
Trifid 2 180247.58-224820.6 6.5 44.0 5.8 G007.2408-00.2242 8.87 8.31 · · · T O8.5-O9.5 (Kuhn16)
Table 3 continued
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Table 3 (continued)
MOBc AMSV
b TMSeff
b logLMSbol
b Spitzer J H KS Origin Other ID/ST (Ref);
e
Name X-ray IDa (mag) (kK) L Namec (mag) (mag) (mag) NIRd IRE?
(1) (2) (3) (4) (5) (6) (7) (8) (9) (14) (15)
Trifid 3 180250.44-224850.7 5.1 44.1 5.8 G007.2390-00.2377 8.39 7.96 7.72 T O6III-O8II (Kuhn16)
Trifid 4 180303.82-230105.9 3.8 25.9 4.1 G007.0865-00.3832 11.19 10.69 10.56 T
NGC 3576 1 111101.21-612035.1 7.7 29.2 4.4 G291.1914-00.7816 · · · 11.00 · · · T
NGC 3576 2 111124.01-611722.8 5.5 29.8 4.5 G291.2132-00.7149 11.10 10.41 10.22 T
NGC 3576 3 111131.66-612147.1 6.8 36.1 5.1 G291.2551-00.7771 10.42 9.76 9.41 T M
NGC 3576 4 111137.40-611914.2 15.9 28.0 4.3 G291.2498-00.7334 14.56 12.77 11.82 T
NGC 3576 5 111155.36-611756.1 8.8 25.8 4.0 G291.2748-00.7000 12.79 11.82 11.38 T
NGC 3576 6 111204.89-612657.3 4.0 25.7 4.0 G291.3486-00.8322 11.31 10.96 10.81 T
NGC 3576 7 111242.75-610422.3 3.4 33.3 4.8 G291.2789-00.4546 9.85 9.50 9.43 T TYC 8959-1106-1
NGC 3576 8 111249.13-611811.8 4.1 28.2 4.3 G291.3763-00.6642 10.88 10.35 10.20 T
NGC 1893 1 052214.81+332907.5 4.0 32.9 4.8 J52214.82332907.4 10.66 10.24 10.09 T Cl* NGC 1893 CF 52
NGC 1893 2 052221.53+332851.3 6.5 27.1 4.2 J52221.52332851.2 12.32 11.53 11.24 T YSOc (10)
NGC 1893 3 052225.03+333106.8 3.4 26.2 4.1 J52225.05333106.4 11.60 11.19 11.09 T
NGC 1893 4 052238.90+332555.5 2.7 25.8 4.0 J52238.87332555.3 11.41 11.23 11.14 T Cl* NGC 1893 CF 42/A4V (6)
NGC 1893 5 052247.79+332206.6 3.3 29.8 4.5 J52247.76332206.8 10.92 10.58 10.49 T Cl* NGC 1893 CF 8/A4 (11)
NGC 1893 6 052257.35+332822.4 3.9 26.2 4.1 J52257.33332822.3 11.76 11.26 11.16 T Cl* NGC 1893 CF 16
NGC 1893 7 052302.94+333215.1 5.3 26.1 4.1 J52302.91333214.6 12.20 11.57 11.33 T YSOc (10)
NGC 1893 8 052307.15+333251.6 3.3 27.0 4.2 J52307.13333251.4 11.44 11.06 10.96 T YSOc (10)
NGC 1893 9 052321.21+332944.6 2.7 36.2 5.1 J52321.19332944.4 9.69 9.53 9.43 T Cl* NGC 1893 CF 32
a Chandra X-ray source designation from Broos et al. (2013).
b Values in Columns 3–5 were derived from SED fitting under the assumption of single masstive stars on the theoretical zero-age main sequence (see the text). Formally,
TMSeff , A
MS
V , and logL
MS
bol reported here are upper limits and should be used only for comparison purposes among this sample (and to the Carina OBc sample from P11).
c MIR source designation from Kuhn et al. (2013b) or GLIMPSE point-source archive.
d NIR source from (T)woMASS or (U)KIRT.
e Notes in Column 15: YSOc = YSO/T Tauri candidate, OBc = photometric massive star candidate, OB (Bik15) = spectroscopically confirmed OB star (A. Bik, private
communication, 2015), (WIRO) = new spectral type reported from spectroscopic follow-up with WIRO, and (Kuhn16) spectroscopic followup by Kuhn et al. (2016, in
preparation). References in Column 15: (1) Wolk et al. (2006), (2) Rauw et al. (2002), (3) Gvaramadze et al. (2011), (4) Wang et al. (2007), (5) Povich et al. (2009), (6)
SIMBAD (Wenger et al. 2000), (7) Reed (2003), (8) Kiminki et al. (2015), (9) Neckel (1984), (10) Prisinzano et al. (2011), (11) Renson & Manfroid (2009). As in Table 2,
“M” denotes marginal IR excess sources for which available [5.8] and [8.0] photometry was excluded from SED fitting.
Table 4. Secondary Candidate X-ray-emitting OB Stars from NIR Photometry
MOBc Name X-ray IDa AMSV M
MS
J J H KS σJ σH σKS
Originb Other ID/ST (Ref)c
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12)
Rosette 1 063302.88+043617.0 6.4 −4.14 8.29 7.77 7.68 0.02 0.05 0.02 T HD 259513/K2?
DR 21 1 203828.79+421038.5 37.3 −4.03 17.36 13.55 11.37 0.01 0.01 0.01 U
DR 21 2 203900.04+421936.5 33.4 −2.53 17.77 14.32 12.38 0.03 0.01 0.01 U [DS96] I1 (1)
RCW 38 3 085859.79-473222.3 · · · d · · · d 14.44 11.18 9.41 0.03 0.03 0.03 T YSOc,OBc (2)
RCW 38 4 085902.16-473016.7 14.3 −2.90 12.30 10.88 10.24 0.06 0.04 0.05 T OBc (3)
RCW 38 5 085904.44-473056.2 19.6 −2.92 13.78 11.79 10.73 0.04 0.02 0.06 T OBc (3)
NGC 6334 15 172001.37-355639.8 · · · d · · · d 10.94 9.15 8.13 0.02 0.03 0.02 T
NGC 6334 16 172011.86-355157.3 · · · d · · · d 12.74 9.79 8.14 0.02 0.02 0.04 T
NGC 6334 18 172018.85-355424.2 21.5 −3.28 13.93 11.80 10.56 0.05 0.04 0.03 T
NGC 6357 26 172601.88-341631.1 8.0 −3.34 10.07 9.41 9.04 0.03 0.04 0.03 T OB (Bik15)
Eagle 8 181911.10-132644.0 · · · d · · · d 9.96 7.46 6.20 0.02 0.06 0.02 T
M17 19 182019.25-161326.7 28.2 −2.58 16.87 14.00 12.34 0.01 0.01 0.01 U
M17 20 182021.74-161112.6 24.0 −2.49 15.77 13.34 12.13 0.02 0.01 0.00 U Cl* NGC 6618 B 330
M17 21 182024.32-161352.9 18.8 −3.84 12.98 11.14 10.20 0.02 0.04 0.04 T
M17 22 182024.55-161127.7 22.4 −2.93 14.88 12.62 11.34 0.03 0.01 0.02 U Cl* NGC 6618 B 285
M17 23 182030.57-161102.0 37.6 −4.45 17.65 13.79 11.60 0.02 0.01 0.00 U [CW98] IRS 22
M17 24 182031.22-160220.8 37.4 −3.35 18.70 14.90 12.75 0.06 0.01 0.01 U
M17 25 182032.15-160157.0 22.8 −3.02 14.90 12.61 11.28 0.01 0.01 0.00 U
W3 6 022529.88+620522.3 27.0 −3.28 15.88 13.21 11.84 0.06 0.03 0.02 T YSOc (4)
W3 7 022557.38+620547.6 16.0 −3.54 12.53 10.96 10.17 0.04 0.03 0.03 T
Table 4 continued
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Table 4 (continued)
MOBc Name X-ray IDa AMSV M
MS
J J H KS σJ σH σKS
Originb Other ID/ST (Ref)c
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12)
W3 8 022712.97+615139.1 6.0 −2.43 10.82 10.32 10.03 0.02 0.02 0.02 T B1–B2V + B3–B4V (5)
Trifid 5 180229.99-225601.9 29.2 −3.27 17.11 14.17 12.60 0.03 0.01 0.01 U
Trifid 6 180230.38-230134.4 9.2 −2.43 12.32 11.45 11.06 0.03 0.03 0.03 T
Trifid 7 180238.14-230228.6 23.5 −3.26 15.51 13.16 11.99 0.01 0.01 0.01 U
Trifid 8 180244.15-230245.0 13.2 −2.93 12.96 11.66 10.86 0.02 0.02 0.03 T
NGC 3576 9 111157.04-611813.2 13.8 −2.89 13.25 11.90 11.22 0.02 0.04 0.05 T
NGC 3576 10 111213.72-611740.0 14.3 −2.42 13.85 12.44 11.76 0.03 0.02 0.02 T
Note—Columns 3 – 10 list data values in magnitude units. Magnitudes in Columns 3 and 4 were derived dereddening the observed J − H color and J
magnitude to the main sequence, assuming the distance to each region listed in Table 1 (see the text).
a Chandra X-ray source designation from Broos et al. (2013).
b NIR source from (T)woMASS or (U)KIRT.
c Notes in Column 12: YSOc = YSO/T Tauri candidate, OBc = photometric massive star candidate. References in Column 12: (Bik15) A. Bik, private
communication (2015), (1) Davis & Smith (1996), (2) Winston et al. (2011), (3) Wolk et al. (2006), (4) Rivera-Ingraham et al. (2011) (5) Kiminki et al.
(2015)
d Dereddening to the main sequence would produce MJ more luminous than an O3 V star. This could occur for evolved, luminous stars or unresolved
binary/multiple systems, hence no intrinsic source colors can be assumed for the NIR source and no MMSJ or A
MS
V are reported.
e NIR spectrum shows CO absorption bands (Bik15).
We also provide the IR point source information and
photometry used in our analysis and plotted in the
CCDs and CMDs of Figure 2. For the SED-fitting can-
didates (Table 3) the Spitzer MIR source name, JHKs
and IRAC point-source photometry values (the IRAC
photometry values are included in the full online version
of the table), and provenance of the NIR photometry (T
= 2MASS or U = UKIRT) are listed in columns 9–14.6
For the NIR photometry candidates we give simply the
JHKS magnitudes and provenance (Table 4).
The final column in each table lists, to the best of our
knowledge, the most relevant independent identification,
spectroscopic classification, or photometric selection as
an OB candidate (OBc) for each star, as well as the
citation for the source of this information. We also indi-
cate (with an “M” in column 15 of Table 3) the five OB
candidates showing evidence for marginal MIR excess
emission in the SCIM-X catalog (Povich et al. 2013).
Four of our candidates in W3 (MOBc W3 1, 3, 5, &
8) were independently identified and confirmed, one as
an O-type binary, two as B stars, and one as a B-type
binary, by Kiminki et al. (2015). Targeted, NIR spec-
troscopic followup of our candidates using the KMOS
spectrometer on the Very Large Telescope (A. Bik 2015,
private communication) confirmed one new OB star in
Lagoon (MOBc Lagoon 4), and 12 new OB stars in
6 Povich et al. (2013) used only high-quality NIR photometry
for SED fitting, as defined by certain 2MASS and UKIRT source
quality flags. Hence a lack of reported photometry in Table 3 does
not necessarily indicate a non-detection but simply a datapoint
withheld from the SED analysis.
NGC 6357 (MOBc NGC 6357 12, 14, 15, 16, 17, 18,
20, 22, 23, 24, 25, & 30). Spectroscopic followup using
the ARCoIRIS instrument of the 4-m Blanco Telescope
(Kuhn et al. 2016, in preparation) has confirmed three
new OB stars near the Trifid Nebula (MOBc Trifid 1,
2, & 3). Visible-light spectroscopic followup of SED-
selected OB candidates in M17 the 2.3-m Wyoming In-
frared Telescope (WIRO) identified five new early-type
stars (MOBc M17 7, 11, 12, 17, & 18) but classified four
others (MOBc M17 2, 9, 10, & 14) as late-type stars. Six
other OB candidates in various regions (MOBc Rosette
1, Lagoon 5, W3 4, and NGC 1893 4 & 5) had previ-
ous spectroscopic classifications indicating that they are
cool stars. We have chosen to list spectroscopically clas-
sified cool stars, which are not actual OB candidates, in
Tables 3 and 4 as examples of “false positives” selected
by our SED fitting criteria, and some of them could
still prove to be evolved, massive yellow or red super-
giants. Overall, 20 of the 125 candidates have already
been spectroscopically confirmed as OB stars, while nine
are late-type interlopers.
3.3. Interstellar Extinction to Known and Candidate
MYStIX OB Stars
In Figure 4 we plot X-ray median energy (Emed, mea-
sured across the total 0.5–8 keV Chandra/ACIS-I pass-
band; Kuhn et al. 2013a; Townsley et al. 2014) versus
interstellar extinction (ASEDV from Table 2 or A
MS
V from
Tables 3 and 4) as a simple basis for comparing the
known and candidate OB samples. We have further
marked the several candidate OB stars that have already
been confirmed (blue + symbols) or rejected (red× sym-
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bols). Emed is affected by both the extinction (since the
soft X-rays are preferentially obscured, hardening the
radiation) and the intrinsic X-ray spectrum, which can
vary greatly across individual massive stars due to dif-
ferences in the wind-shock properties (e.g., Gagne´ et al.
2011). Notwithstanding the expected variation in intrin-
sic X-ray hardness, median energy is clearly correlated
with extinction, with both known and candidate OB
stars following the same general trend. The relatively
large scatter about the trend is commonly seen in plots
of X-ray versus infrared measures of stellar extinction in
star forming regions (e.g., Vuong et al. 2003; Feigelson
et al. 2005; P11).
Figure 4. Plot of total-band (0.5–8 keV) X-ray median en-
ergy versus interstellar extinction showing all X-ray detected
MYStIX OB stars with SED fitting results (black dots: spec-
tral types O through B1, open circles: B1.5 and later types)
and X-ray emitting OB candidates (magenta boxes = SED-
selected, diamonds = NIR-selected). Candidates that have
been spectroscopically confirmed or rejected as early-type
stars are additionally marked by blue + or red × sym-
bols, respectively. Two calibration curves for low-mass, pre-
MS stars from Getman et al. (2010, their Table 3) for X-
ray absorbing column density (converted to AV assuming
NH/AV = 2 × 1021 cm−2 mag−1) versus Emed are plotted
as dotted (absorption-corrected, hard-band X-ray luminosity
logLh,c = 28.5 model) and dashed (logLh,c = 30.0 model)
curves.
Published O through early B-type stars and spectro-
scopically confirmed OB candidates show characteristi-
cally lower Emed over the exinction range of 0 < A
SED
V .
6 mag compared to calibration curves of Emed versus
X-ray absorbing column density NH (converted to AV
assuming NH/AV = 2 × 1021 cm−2 mag−1 Vuong et
al. 2003) for low-mass, pre-MS stars (Getman et al.
2010). For relatively lightly-absorbed sources, Emed
hence reflects the canonical, softer intrinsic X-ray spec-
tra for massive stars compared to the young, low-mass
stars that dominate the MYStIX source populations.
Notwithstanding the scatter, stars classified as B1.5 or
later appear systematically harder in Emed compared to
earlier OB stars and OB candidates in this same extinc-
tion range (recall that our selection criteria only iden-
tify the equivalent of B1 V or earlier/more luminous
stars), which indicates intrinsically harder X-ray spec-
tra compared to earlier-type massive stars. Many of the
X-ray-detected MYStIX B stars could therefore be in-
trinsically fainter, weak-wind sources with unresolved,
low-mass pre-MS companions producing the observed
X-ray emission (see, e.g. Evans et al. 2011). A detailed
analysis of the X-ray spectral properties of the known
and candidate MYStIX OB stars is beyond the scope of
this study, and our past experience has shown that X-ray
spectral modeling does not provide sufficient evidence to
confirm or reject candidate OB stars (see Section 4.3).
OB candidates with higher extinction but softer X-ray
median energy compared to the trend for published and
confirmed OB stars may be late-type contaminants or
incorrect matches between the X-ray source and the IR
counterpart. All 8 of our primary OB candidates from
SED fitting that have been spectroscopically classified as
late-type stars (Table 3) cluster near Emed ≈ 1 keV for
2 . AMSV . 6 mag. Since several previously-published
MYStIX OB stars also lie in or near this region in Fig-
ure 4, we cannot recommend any simple cut on extinc-
tion and median energy to flag probable contaminants.
Several candidates appear to be extreme outliers.
Three NIR-selected candidates have AMSV > 20 mag
and Emed < 2.6 keV (DR 21 1 and Trifid 5 & 6). All
are located well outside of dense or embedded clusters,
and they could be chance alignments between an X-ray
source and an unassociated, IR field star. For these three
sources the MPCM classification by Broos et al. (2013)
may be incorrect. MOBc NGC 6334 11 is the sole SED-
fitting candidate with similar soft median energy but
high extinction in Figure 4, but it is centrally located
among the embedded, massive clusters and H II regions,
increasing the likelihood that it is actually a member
of the NGC 6334 complex. It is possible that our SED
fitting overestimated the reddening and hence luminos-
ity for this star (see Figure 2j and Appendix A.6), or
that there was a mismatch between the X-ray and MIR
source in this dense cluster.
Six OB candidates identified via SED fitting (MOBc
Eagle 4, M17 4, and NGC 6334 3, 7, 9 & 10) and three
identified via NIR photometry (MOBc DR21 2, M17
23 & 24) have very high AMSV > 30 mag and commen-
surately hard Emed > 3 keV in Figure 4. All nine of
these stars have projected locations within or behind
dense molecular clouds, so their extreme reddening is
reasonable, but given the uncertainties in the extinc-
19
tion laws used for the selection, there is an increased
chance that an obscured OB candidate could instead be
an embedded, lower-mass protostar. Deep, NIR follow-
up spectroscopy should reveal the true nature of these
candidates.
Another outlying group of seven SED-fitting candi-
dates (MOBc NGC 6357 11, Eagle 2, 6 & 7, M17 6,
W3 2, and NGC 3576 4) has moderately high extinction
(15 mag < AMSV < 20 mag) but disproportinately hard
median energy (Emed > 3 keV); these could be OB stars
with intrinsically hard spectra or perhaps background
contaminants (for example, X-ray-detected active galac-
tic nuclei that were erroneously matched to IR-bright
Galactic field stars). A similar outlier with intriguing,
hard X-ray emission is the confirmed OB star NGC 6357
12, with Emed = 2.97 keV, A
MS
V = 5.3 mag. The most
extreme X-ray star plotted in Figure 4 is W3(OH) in the
far upper-right corner, which, unlike the other stars in
this plot, we fit using embedded YSO models (Table 2).
Clearly Emed > 3 keV is possible for certain massive
stars, particularly when they are highly absorbed.
4. DISCUSSION AND SUMMARY
Table 5 summarizes the results of our OB candidate
search in each MYStIX region. The MOB1c(SED) and
MOB1c(NIR) columns give the number of new OB can-
didates identified via SED fitting and NIR photometry,
respectively. The OB(pub), OB1(pub), and OB1X(pub)
columns give the numbers of previously published OB
stars, previously published stars of spectral type B1 or
earlier, and previously published B1 or earlier stars that
were detected as MYStIX X-ray sources and hence, in
principle, would be selected as OB candidates by our
SED and/or NIR search criteria. The average interstel-
lar extinction measured from SED fitting of published
OB stars in each region (Section 2.2 and Table 2) is re-
ported as 〈ASEDV 〉, while the average extinction (assum-
ing stars on the ZAMS) for all OB candidates in each
region is 〈AMSV 〉. As expected, the candidate OB stars
are observed through systematically higher extinction
than the published OB stars, 〈AMSV 〉 ≥ 〈ASEDV 〉 in each
of the 11 MYStIX regions for which the extinction of
published and candidate OB stars can be directly com-
pared.
4.1. Implications for the Massive Stellar Populations
in the MYStIX Regions
Recalling that our OB candidate selection criteria
were designed to identify stars more luminous than the
equivalent of a B1 V star, we can estimate the potential
multiplicative factor Finc by which the inferred massive
stellar population of each region would increase due to
the addition of newly-confirmed OB candidates using
Finc =
fconf [MOB1c(SED) + MOB1c(NIR)]
OB1(pub)
+ 1,
where fconf is the confirmation rate of candidate OB
stars. The confirmation rate is a measure of the relia-
bility of our OB candidate search (high fconf implies few
false-positive OB candidates that turn out to be late-
type stars), and it will certainly vary from region to re-
gion.7 In the (unrealistic) limit that all OB candidates
in every region are eventually confirmed (fconf → 1), we
would have Finc ranging from zero for the three MYStIX
regions with no OB candidates, to &3 for regions such as
NGC 6334, RCW 38, and Trifid, which have relatively
few published OB stars compared to their numbers of
identified OB candidates.
Table 5. Summary of MYStIX OB Populations
Region MOB1c(SED)a MOB1c(NIR)a OB(pub) OB1(pub)a OB1X(pub)a 〈ASEDV 〉b 〈AMSV 〉c
Flame Nebula 0 0 2 2 2 8.1 · · ·
W 40 0 0 3 2 2 7.9 · · ·
RCW 36 0 0 2 2 2 7.2 · · ·
NGC 2264 0 0 7 1 1 1.3 · · ·
Rosette Nebula 0 1 21 10 6 1.7 6.4
Lagoon Nebula 5 0 28 10 7 2.2 5.2
NGC 2362 0 0 12 1 1 0.5d · · ·
DR 21 0 2 1 0 1 · · · 35.3
Table 5 continued
7 We also anticipate a lower confirmation rate for secondary
NIR-selected candidates than SED-selected candidates.
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Table 5 (continued)
Region MOB1c(SED)a MOB1c(NIR)a OB(pub) OB1(pub)a OB1X(pub)a 〈ASEDV 〉b 〈AMSV 〉c
RCW 38 2 3 1 1 1 0.3 13.2
NGC 6334 14 3 8 8 6 3.6 18.9
NGC 6357 25 1 16 15 13 7.6 8.8
Eagle Nebula 7 1 56 29 21 3.4 15.6
M 17 18 7 67 36 26 7.2 15.5
W 3 5 3 24 13 8 10.5 12.0
W 4 1 0 36 17 9 2.4 2.4
Trifid Nebula 4 4 2 2 2 · · · 12.0
NGC 3576 8 2 10 5 3 1.5 8.4
NGC 1893 9 0 32 18 8 2.1 3.9
ALL 98 27 328 172 119
aThese columns tally the following: “MOB1c(SED)” = candidate O through B1 stars identified via SED fitting
(Table 3), “MOB1c(NIR)” = candidate O through B1 stars identified via NIR colors (Table 4), “OB1(pub)” = all stars
with published spectral types of B1 or earlier (Table 2; these are, in principle, luminous enough to have been selected
as OB candidates by our methodology), and “OB1X(pub)” = published OB stars in each region that were detected in
X-rays (indicated in column 16 of Table 2).
bVisual extinction derived from SED fitting with frozen Teff parameter for all OB stars with previously published
spectral types (average values from column 6 of Table 2).
cMain-sequence equivalent visual extinction for the new OB candidates (average of values from column 3 of Tables 3
and 4); this places an upper bound on the true average extinction to these stars.
dExcluding the unreliable SED fitting results for HD 57061.
We also consider completeness, the (false-negative)
rate at which we fail to identify true OB stars as candi-
dates. Examining the published OB stars in Table 2,
all stars earlier than O9 were detected in X-rays, as
well as all O giants and supergiants. But a decreasing
fraction of O9 to B1 main sequence and B giant stars
are detected by Chandra in the MYStIX fields. This
is consistent with the long-established relationship be-
tween X-ray and bolometric luminosities in massive stars
attributed to a trend in wind shock properties (Gagne´
et al. 2011). Hence one estimate of completeness is the
fraction of known O through B1 stars that have MYStIX
X-ray detections, 67 of which satisfied our SED fitting
search criteria (column 17 of Table 2), while the virtually
all of the remaining 55 satisfied our NIR search criteria
(Figure 2). This fraction, fX = OB1X(pub)/OB1(pub),
typically ranges between 0.5 and 1 among studied MYS-
tIX regions (with the exception of NGC 1893, the most
distant region, for which fX ∼ 0.4), and averages to
f¯X = 119/172 = 70% across all regions (Table 5). The
observed variation in fX among the regions is caused
primarily by differences in distance and depth of the X-
ray observations.
Correcting for the incompleteness in our X-ray search
for new OB1 stars, we estimate the increase in the in-
ferred, total massive stellar populations in the MYStIX
regions studied here as F ′inc = Finc/fX . The key un-
known parameter governing the potential impact of our
OB candidates on the inferred massive stellar popula-
tion is, unsurprisingly, the confirmation rate.
4.2. Spectroscopic Confirmation of OB Candidates
We can begin to constrain fconf by considering the
five MYStIX regions (including Carina) that have recent
spectroscopic follow-up of a subset of their OB candi-
dates (Section 3.2):
• NGC 6357—All twelve OB candidates in Re-
gion 3 (see Figure 2k) followed up by NIR spec-
troscopy using VLT/KMOS were confirmed (A.
Bik 2015, private communication). An additional
two, brighter OB candidates (MOBc NGC 6357
19 and 21) are intermingled with these confirmed
candidates and have a high probability of eventual
confirmation as newly-discovered, O-type stars
(Appendix A.7). With 26 OB candidates in NGC
6357, we can report 0.5 . fconf ≤ 1. Adding the
14 confirmed and high-probability candidates to
the 15 OB1(pub) stars (Table 5), we have already
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doubled (Finc ∼ 2) the known massive stellar con-
tent of this rich star-forming complex.
• M17—A subset of the candidates in M17 were
observed with the long slit spectrograph of the
Wyoming Infrared Observatory (WIRO). The
types were determined using the red (5300 A˚–
6700 A˚) portion of the spectra, since this in-
cludes several He I lines and one He II line, and
because the blue portion was often not usable,
given the high extinctions. Many of the candi-
dates were still too obscured to detect—candidates
with J & 10 mag could not be classified, while all
candidates brighter than this limit were assigned
spectral types. Five relatively unobscured can-
didates were hence confirmed as OB stars, while
four others were classified late-type stars (Table 3).
With 25 OB candidates in M17, we can place
only a loose constraint on the confirmation rate,
0.2 . fconf . 0.8. With 36 pubOB1 stars (Ta-
ble 5), we have already increased the cataloged
massive stellar population by 10%, with the po-
tential for up to a 60% increase (1.1 . Finc . 1.6).
High-resolution, NIR spectroscopy is needed to
classify the numerous obscured OB candidates lo-
cated near the crowded NGC 6618 cluster and the
M17 giant molecular cloud.
• Trifid—Three the OB candidates in Trifid have
been spectroscopically confirmed as early-type
stars (Kuhn et al. 2016, in preparation), while the
remaining five candidates have not yet been clas-
sified spectroscopically, hence 0.38 ≤ fconf ≤ 1.
• W3—Kiminki et al. (2015) independently iden-
tified and spectroscopically classified four of our
candidates as OB stars, while one candidate was
previously classified as a late-type star. With eight
candidates in W3, we have 0.5 ≤ fconf . 0.9, sim-
ilar to NGC 6357.
• Carina—Alexander et al. (2016) obtained visible-
light spectra for 71 of the 94 OB candidates in the
Carina Nebula identified by P11, classifying 21 as
OB stars and 50 as late-type stars. This constrains
the confirmation rate for the Carina OB candi-
dates to 0.2 ≤ fconf < 0.5. These relatively low
confirmation and high rejection rates for Carina
may not be representative of the MYStIX regions.
The large CCCP X-ray mosaic surveyed by P11
included a much greater portion of the surround-
ing Galactic field than was typical for the MYStIX
X-ray observations (Feigelson et al. 2013), and the
majority of the rejected OB candidates are rela-
tively unobscured and located in the outlying re-
gions, away from the principal star-forming clus-
ters.
Taken together, the above results favor an average
f¯conf ≈ 0.5 across all MYStIX regions, predicting frac-
tional increases of F¯inc ≈ 0.5(125/172) + 1 = 1.4 in
the cataloged massive stellar populations and F¯ ′inc =
F¯inc/0.7 = 1.9. We therefore conclude that even a con-
servative 50% confirmation rate for our OB candidates
would double the inferred massive stellar content av-
eraged across the 18 MYStIX star-forming complexes
studied here.
4.3. Possible Contaminating Sources
P11 predicted that the most likely populations of con-
taminating sources in their CCCP sample of X-ray se-
lected candidate OB stars would be F or G stars, either
field giants or (very nearby) foreground dwarfs. The
same predictions can be extended to our MYStIX OB
candidates, but the recent spectroscopic followup of the
CCCP OB candidates by Alexander et al. (2016) allows
us to refine our understanding of the most likely types
of contaminants. The 50 CCCP OB candidates classi-
fied as later-type stars consisted of 32 G through K5
(super)giants, 1 F supergiant, a single K dwarf, and 15
F or A stars for which no luminosity classification was
made. None of the CCCP candidates was classified as a
late K or M giant or dwarf, confirming the prediction of
P11 that the coolest stars, which dominate the Galac-
tic field populations, are not selected as X-ray emitting
OB candidates. These results indicate that the most
common type of contaminating source in our MYStIX
OB candidates sample will be F through early K giants
matched to X-ray sources. We note that some of these
stars could be evolved massive stars with strong intrinsic
X-ray emission.
Seven of the CCCP OB candidates classified as (su-
per)giant stars by Alexander et al. (2016) had X-ray
spectra of sufficient quality that P11 were able to fit
one- or two-component thermal plasma models to mea-
sure their absorbing columns and plasma temperatures.
All of these sources exhibited at least one soft plasma
component with kT . 1 keV (OBc 1, 3, 10, 12, 18,
32, and 41 in Table 5 of P11), consistent with the soft
X-ray emission from symbiotic binary systems in which
an evolved giant that transfers mass to a white dwarf
companion (Mu¨rset et al. 1997; Luna et al. 2013). Sym-
biotic binaries can produce nova outbursts accompanied
by spectacular X-ray flares that decay rapidly as the
ejecta interact with the extended wind region surround-
ing an evolved giant (Sokoloski et al. 2006). In light of
its new G0-K0 I spectral classification, such an outburst
now provides the best explanation for the unusual X-ray
variability observed for CCCP OBc 41 (Townsley et al.
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2011a).
The soft X-ray emission from quiescent, symbiotic bi-
nary systems originates in accretion shocks or collid-
ing winds (Mu¨rset et al. 1997), and it is generally not
possible to distinguish these systems from OB stars by
analysis of the relatively low-resolution MYStIX X-ray
spectra. P11 compared AMSV from SED fitting to ab-
sorbing column NXfitH from X-ray spectral fitting in an
attempt to evaluate which of their OB candidates had X-
ray spectra consistent with reddened OB stars. Among
the nine candidates identified as having X-ray spectra
consistent with IR SED-fitting, the results were ambigu-
ous, with three confirmed new OB stars (OBc 39, 55,
and 57), three classified as late-type stars (OBc 2, 12,
and 67), and three that were not detected by AAT op-
tical spectroscopy (Alexander et al. 2016).
Young, yellow giants or exotic, symbiotic binary sys-
tems are far less common than red giants in the Galactic
field, hence the contamination they may introduce to our
samples should not be severe. We do not see systemati-
cally increased numbers of candidates in regions that are
projected near the Galactic center, as might be expected
if our candidate lists were dominated by contamination
from IR-bright field giants. For example, the Lagoon
Nebula, Trifid Nebula, NGC 6334 and NGC 6357 all
have longitudes within 10◦ of the Galactic Center, yet
the former two regions have few new candidates while
the latter host numerous candidates. By contrast, the
Carina Nebula is relatively far from the inner Galaxy
yet contained nearly as many OB candidates as all 18 of
our MYStIX regions combined (P11).
4.4. Concluding Remarks
We have identified 125 candidate X-ray-emitting O or
early-B (MOBc) stars through a systematic search of the
combined X-ray and IR point sources catalogs for 18 of
the 20 MYStIX star-forming complexes, supplementing
the 328 previously identified by spectroscopy (Table 5).
Follow-up or independent spectroscopy has already con-
firmed 24 of our candidates as newly-discovered Galac-
tic OB stars. We also modeled the 1–8 µm SEDs of
239 previously-published OB stars, with effective tem-
perature fixed based on the spectral type, to measure
their interstellar reddening and bolometric luminosities
and to provide additional context for our candidate-
selection methodology. This analysis identified six can-
didate massive binary/multiple systems (the principal
ionizing stars in NGC 2264 and the Lagoon Nebula, two
stars in the Eagle Nebula, and two stars in NGC 1893)
and five candidate O-type (super)giants with no pub-
lished luminosity class (four in M17 and one in NGC
6334).
Perhaps the clearest trend in Table 5 is an anticorre-
lation with historical research. We find few to no new
candidate OB stars in lightly-obscured complexes that
have been heavily studied in the past using visible-light
photometry and spectroscopy. The stellar populations
of regions such as NGC 2264, the Rosette Nebula, the
Lagoon Nebula, the Eagle Nebula, and W4 have been
surveyed for decades from northern hemisphere obser-
vatories. In contrast, nebulous and heavily obscured
regions accessible only to southern hemisphere obser-
vatories (such as RCW 38, NGC 6334, NGC 6357 and
NGC 3576) have been less carefully examined. The ma-
jority of previously-cataloged MYStIX OB stars have
AV . 3 mag, while the large majority of candidate OB
stars have AV & 5 mag, assuming de-reddening to the
OB ZAMS (CMDs in Figures 2). Previous work has
also typically focused on the most prominent parts of
large star-forming complexes, whether a rich cluster or
bright H II region, but now in several cases, notably
NGC 6357, M17, Trifid, and Carina (P11; Alexander
et al. 2016), new spectroscopically-confirmed OB stars
have been discovered by surveying the less-studied yet
often lightly-obscured surrounding regions.
Notable results for individual regions include: identi-
fication of the OB population of a recently discovered
massive cluster in NGC 6357; an older OB association
in the M17 complex; three new luminous O stars near
the Trifid Nebula; doubling of the known massive stellar
population in NGC 6357 and the potential to more than
double the known OB populations in RCW 38, NGC
6334, and NGC 3576. In a few cases, we have proba-
bly identified the principal ionizing star of an H II re-
gion. MOBc NGC 6334 11 is a high-luminosity, highly-
obscured (AMSV ' 34) star located at the center of the
radio H II region NGC 6334 D, with associated nebular
emission and masers (Appendix A.6). MOBc NGC 6357
21, a very luminous candidate consistent with an O3 V
star on the ZAMS, appears to be the dominant mem-
ber of the NGC 6357 F subcluster, which contains the
largest concentration of newly-discovered OB stars in
our sample and ionizes the G353.24+0.64 H II region
(Appendix A.7). MOBc Trifid 3, a newly-confirmed O-
type giant, likely ionizes the PAH-bright MIR bubble in
the far-north region of the Trifid Nebula complex (Ap-
pendix A.11). Additional discussion of individual re-
gions is presented in the appendix.
The 18 MYStIX regions studied here represent great
diversity of heliocentric distance, obscuration and size
of the young massive stellar population, and degree of
previous study. For one-third of them, existing catalogs
of massive stars appear largely complete. For the rest,
the priority should be continued spectroscopic follow-
up, preferably in the NIR, to assess the true nature of
these OB candidates and move ever closer to completing
the census of massive stars in these prominent Galactic
star-forming complexes.
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APPENDIX
A. CANDIDATE OB STAR SAMPLES IN EACH MYSTIX REGION
Figure 2 visualizes the known and candidate OB populations in each MYStIX region in three panels. The top panel
shows the published (blue) and new candidate (magenta) stars superposed on a Spitzer 3.6 µm mosaic of the MYStIX
region with the Chandra field of view outlined. Notable known and candidate OB stars discussed below are labeled.
The bottom panels show a J −H vs. H −Ks color-color diagram and a J vs. H −Ks color-magnitude diagram of
all MPCM stars in the region, with known and candidate OB stars marked by larger symbols (see figure caption for
details). Stars with infrared excess emission are marked or highlighted in red. Together, these figures summarize much
of the information listed in Tables 2–4.
A.1. MYStIX Regions Without OB Candidates
No new OB candidates were found in five of the 18 examined MYStIX star forming regions:
• The Flame Nebula—The NIR color-color and color-magnitude diagrams (Figure 2a) do not reveal any bright
candidates lacking IR excess emission in this well-studied, very young star-forming region (Meyer et al. 2008).
The most luminous star in the cluster, IRS 2b, is an extended, embedded IR source. The most luminous infrared
point source is NGC 2024 1 (B0.5 V), which reveals its photosphere at wavelengths shorter than 4.5 µm. We
modeled this source with AV = 8.1 mag (Table 2), close to the averaged cluster extinction AV ' 10 mag reported
by Skinner et al. (2003).
• W 40—Of the three OB stars identified with infrared spectroscopy (Shuping et al. 2012), two were infrared point
sources for which we were able to measure AV and Lbol with SED fitting (Table 2), but the most luminous,
IRS 1A South, is an embedded, extended MIR source (Figure 2b). The other bright stars appearing in the NIR
color-magnitude diagram are IR excess sources and hence not selected as candidate OB stars.
• RCW 36—This embedded H II region has two spectroscopically identified OB stars, and the more luminous of
the two is the more highly obscured (Figure 2c).
• NGC 2264—This very well-studied region (Dahm 2008b) contains no new OB candidates, which is reassuring.
HD 261782 is a bright, evolved intermediate-mass giant star (G5 IIIp; Dahm et al. 2007) that would satisfy our
secondary NIR selection criteria (Figure 2d) but fitting its full SED ruled out an OB star. This demonstrates
that yellow and red (super)giants can be erroneously identified as OB stars by our NIR photometry criteria, if
they happen to have an X-ray detection in the MYStIX sourcelists but lack sufficient MIR photometry for SED
fitting. Our SED fitting for HD 47839, the principal ionizing star, returns about twice the luminosity expected
for its O7 V((f)) spectral type (Figure 3). As mentioned in Section 3.1, this could indicate multiplicity.
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• NGC 2362—Unsurprisingly, we found no OB candidates in the oldest MYStIX cluster (Dahm 2008a), which
lacks any obscuring molecular material (Figure 2g). For all of the known OB stars our SED fitting measures
very low extinction (〈ASEDV 〉 = 0.5 mag, Table 5), as expected, except for the bright O giant, HD 57061 (O9
II), for which SED fitting returned anomalously high ASEDV = 2.3 mag and logL
SED
bol /L = 6.03 (Table 2 and
Section 3.1). The IRAC [3.6] photometry for HD 57061 is saturated and was not used for SED fitting. IR excess
emission due to non-LTE effects in a strong stellar wind could explain the anomalously high ASEDV for HD 57061,
leading to a corresponding overestimate of LSEDbol (P11).
A.2. The Rosette Nebula
In the Rosette Nebula and associated molecular cloud (Roma´n-Zu´n˜iga & Lada 2008), five well-established early-
type stars were independently identified by our SED fitting selection: HD 46150, HD 46056, HD 46149, HD 46106,
and HD 259012 (Table 2). No new OB candidates were found via SED fitting, but one candidate, HD 259513, was
selected using our secondary NIR criteria (Table 4). This star has a late spectral type of unknown provenance listed
in SIMBAD.
A.3. The Lagoon Nebula
The Lagoon Nebula (M8) is composed of an H II region, an open cluster dominated by B-type stars, and a giant
molecular cloud with a few O stars and dozens of B stars at a distance around 1.3 kpc (Lada et al. 1976; Tothill
et al. 2008). Relatively few of the 28 spectroscopically confirmed OB stars were recovered by our SED fitting analysis
because only 15 were matched to X-ray point sources, some of which had poor JHKs photometry.
SED fitting identified four new candidate OB stars with 4 < AMSV < 7 (Table 3), including MOBc Lagoon 4 in
the middle of the open cluster (Figure 2f), which has been followed up spectroscopically in the NIR using the VLT
and confirmed as an early-type star (A. Bik, private communication, 2015). MOBc Lagoon 5 is actually a K-type
giant. Some of the OB candidates appear in earlier optical, infrared and X-ray studies of M8 members without being
identified as possible massive stars.
Our SED fitting for HD 164794, the principal ionizing star, returns nearly double the luminosity expected for its
O4((f)) spectral type (Figure 3). As mentioned in Section 3.1, this could indicate undiscovered muliplicity, with the
caveat that the presence of a strong wind in this early O-type emission-line star might cause our LTE models to
overestimate its Lbol (see Section 2.2).
A.4. DR 21
SED fitting identified no candidate OB stars in the very young complex DR 21, which lies within the much larger
Cygnus X complex (Reipurth & Schneider 2008). This is not surprising, given that no large H II region is present in
DR21 (Figure 2h), and the most luminous IR point sources are protostars and pre-main sequence stars with dusty
disks (Povich et al. 2013; Romine et al. 2016). Bright, extended MIR emission associated with embedded massive stars
also foils the MYStIX MIR point-source photometry. Two OB candidates were identified via NIR photometry. MOBc
DR 21 2 is associated with the extended infrared source [DS96] I1 (Davis & Smith 1996) and may be the ionizing
source for this (ultra)compact H II region. If confirmed, DR 21 2 would be among the most highly-obscured new OB
stars in MYStIX, behind AV = 33 mag of extinction (Table 4). The other OB candidate, DR 21 1, lies on the edge of
the MYStIX X-ray field and is not actually associated with DR 21.
A.5. RCW 38
RCW 38 is a centrally concentrated rich cluster producing a very bright H II region at an uncertain distance around
1.7 kpc (Wolk et al. 2006). SED fitting identified two new candidates with luminosities consistent with early B stars
(Table 3). Both are inferred to have high absorptions (AV = 8–11 mag). These two stars were previously identified
by Wolk et al. (2006) among their list of 31 candidate OB stars in RCW 38 (their sources #107 and #143 ), but with
lower absorptions and thus lower inferred bolometric luminosities. We identified three additional candidates via NIR
photometry, two of which were previously noted as OB candidates by Wolk et al. (2006). An additional candidate,
RCW 38 5, was classified as either a YSO or an OB candidate by Winston et al. (2011). The large majority of the
31 OB candidates identified by Wolk et al. (2006) have not been selected here. While their methodology is similar
to our secondary NIR selection, they include late B-type stars and stars with disks, which are much more numerous
(particularly the latter in a very young, embedded region such as RCW 38), than the O through early B-type stars
targeted by our search.
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A.6. NGC 6334
NGC 6334, the Cat’s Paw Nebula, is a complex of rich clusters and H II regions in the Sagittarius–Carina spiral arm
(Persi & Tapia 2008; Feigelson et al. 2009). Its stellar population has been poorly characterized in the infrared and
optical due to heavy and variable extinction, extremely high field star contamination (at a projected location less than
10◦ from the Galactic center), and bright nebular emission. The most luminous known OB star is 2MASS J17203178-
3551111 (O7 with no luminosity class specified; Table 2) with logLSEDbol /L = 5.5, consistent with an unresolved,
O-type binary (or multiple) system, which seems a more plausible interpretation than a single, evolved star, given its
location in the midst of the very young, highly embedded clusters (Figure 2j).
Our analysis reveals a rich population of 21 candidate massive stars, mostly concentrated along the filamentary
“backbone” of the giant molecular cloud that runs parallel to the Galactic plane (Figure 2j). The most luminous OB
candidates, if they were on the main sequence, surpass the most luminous stars currently known in the region:
• MOBc NGC 6334 6 (AMSV = 10, logLMSbol/L = 5.8; Table 3) lies North of the principal embedded clusters
of NGC 6334 (Figure 2j), only 20′′ from CD −35◦11482, a possible Herbig Be star with MIR excess emission
detected (B0.5:Ve, Table 2). Both stars appear to be members of the absorbed massive subcluster NGC 6334 G
(Povich et al. 2013; Kuhn et al. 2014).
• MOBc NGC 6334 11 is extremely obscured, with AMSV ' 34 mag (Table 3). This star was undetected in J by
2MASS, which is consistent with its extremely high reddening, hence it does not appear on the NIR CCD or CMD
Figure 2j, but SED modeling indicates a very high luminosity of logLMSbol/L = 5.6, equivalent to an early O star
on the ZAMS. The infrared source was previously noted as FIR-II 24 by Straw et al. (1989), who classified it as
a less absorbed, lower-mass pre-MS star. Its rising MIR SED may indeed indicate some reprocessing of stellar
radiation by circumstellar dust, and this, along with its relatively low X-ray median energy (Emed = 2.4 keV;
Figure 4), may indicate that our SED fit with a normal stellar photospheric model overestimated the reddening
and hence bolometric luminosity (assuming that the matching between the X-ray and MIR source is correct). It
lies near the center of the radio H II region NGC 6334 D, which is about 2′ (1 pc) in diameter (Rodriguez et al.
1982), and at the base of a much larger MIR bubble blowing out to the east (dark, round nebulosity in Figure 2j).
These nebular structures lie on the southeast edge of the large heavily absorbed subcluster NGC 6334 J (Kuhn
et al. 2014). Two other OB candidates are located east of NGC 6334 11, inside the MIR bubble.
• MOBc NGC 6334 15 and 16 are secondary NIR candidates that would be brighter than any single, O-type dwarf
if dereddened to the colors of the ZAMS. While we could not measure AMSV for these stars, their locations on the
CMD (Figure 2j) would indicate AV ∼ 17 and 25 mag for 15 and 16, respectively. Of the two, NGC 6334 15 is
the better candidate because it is located close to the massive, obscured cluster at the southwestern end of the
complex.
Russeil et al. (2012) recently reported about 15 new candidate OB stars in the region of NGC 6334 covered by
MYStIX, based on deep optical UBV color-color diagrams and distance cuts. As this study did not provide clear
identifications or coordinates to the individual stars, we cannot compare their results with our sample.
A.7. NGC 6357
NGC 6357, the War and Peace Nebula, is a large star-forming complex in the Sagittarius–Carina spiral arm near
NGC 6334, with three rich clusters. The historical Pismis 24 cluster is observed near the edge of the large annular
H II region G353.1+0.9 (which we will call Region 1, see Figure 2k), and two other, more obscured rich clusters are
found in the nearby molecular cloud with associated H II regions G353.1+0.6 (Region 2) and G353.24+0.64 (Region 3;
Cappa et al. 2011; Townsley et al. 2014). Among the MYStIX regions examined in this study, our SED fitting procedure
has found the largest number of candidate OB stars in NGC 6357, 25 (Table 3), with one additional candidate found
by secondary NIR photometric analysis (Table 4). Wang et al. (2007) presented a list of 24 candidate OB stars in
Region 1 based on high X-ray luminosity or bright NIR emission (Ks < 10 mag), and we have independently identified
eight of these plus one additional candidate (MOBc NGC 6357 5) that was not previously selected. Only three of
the high-luminosity X-ray candidates have been recovered here, and all three had Ks < 10.2 mag. Conversely, our
SED fitting and NIR photometry criteria have excluded five of the NIR-bright Wang et al. (2007) candidates. Simple,
single-band bright magnitude cutoffs, even when combined with X-ray detection, are vulnerable to identifying YSOs
with Ks-excess emission from disks or late-K through M (super)giants that are excluded by our selection criteria. NGC
6357 has also been surveyed using deep UBV R images combined with DENIS/2MASS IJHK photometry by Russeil
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et al. (2012). Candidate massive stars with spectral types O to B3 were identified from U −B and B − V colors after
dereddening from multi-band color relations (allowing for spatial variation in the RV ratio, normally 3.1) and removal
of K-excess objects. They report 458 candidate OB stars in their Zone 2 which is similar, but not identical, to the
extent of the MYStIX region for NGC 6357. As they do not provide a catalog of their OB candidates, we cannot make
a star-by-star comparison, but our OB candidate list is obviously more selective, and limited to more luminous stars.
Pismis 24 in Region 1 is centered on an unusual concentration of spectroscopically established extremely massive
and luminous OB stars including O3 (super)giants (Walborn et al. 2002). Cl Pismis 24 17, with spectral type O3.5
III(f*), is the earliest star in the entire MYStIX sample for which we were able to measure a bolometric luminosity
(logLSEDbol /L = 5.92; Table 2), and given that theoretical luminosities for giants and dwarfs converge at the upper end
of the ZAMS, our SED-based luminosity appears reasonable (in spite of the likely presence of non-LTE wind effects in
this star that could bias our models toward higher luminosities). Cl Pismis 24 1 SW+NEab, the very massive binary
system with O4 III(f+) and O3.5 If* components (Ma´ız Apella´niz et al. 2007), was the highest-luminosity system in
the entire MYStIX sample, as measured by SED fitting, with logLSEDbol /L = 6.22 (Table 2). The components of
Cl Pismis 24 1 SW+NEab are unresolved by our NIR and MIR photometry. This confusion caused a failure of the
automated matching of the 2MASS counterpart to the X-ray source (Naylor et al. 2013), so we substituted the 2MASS
photometry included with the associated GLIMPSE Archive source. The IRAC [3.6] and [4.5] magnitudes for this star
are above the GLIMPSE saturation limits, so we did not include them in our SED fitting.
Region 2 contains two published O-type stars, [N78] 49 and 51. [N78] 49, recently reclassified as an O5.5 IV(f)
star (Ma´ız Apella´niz et al. 2016), is the most promising candidate for the principal ionizing source of the G353.1+0.6
H II region, and it lies at the center of the very compact, dense NGC 6357 D subcluster (Kuhn et al. 2014) (see lower-
right inset image in the top panel of Figure 2k). The star was detected in all four IRAC bandpasses and saturated at
[3.6]. The SED rises toward longer MIR wavelengths, which could be due to free-free emission in a strong, optically
thick wind, consistent with the observed emission-line spectrum of this star (Ma´ız Apella´niz et al. 2016). It was
strongly saturated in all three UKIRT images, and confusion with neighboring stars in the subcluster created an offset
in the 2MASS point source position, causing the MYStIX automated matching algorithm (Naylor et al. 2013) to report
no 2MASS counterpart to the X-ray source. We retrieved the 2MASS photometry matched to the GLIMPSE Catalog
source and were able to achieve good SED fits to [N78] 49. The extremely high luminosity (logLSEDbol /L = 5.87, the
fourth most luminous star for which we were able to fit an SED; see Table 2 and Figure 3) is inconsistent with a single,
O-type subgiant, suggesting that multiple O stars contribute to the IR source, the luminosity class was underestimated,
or both.
There are two OB candidates in Region 2, both of them less luminous than [N78] 49. MOBc NGC 6357 12 has been
confirmed as an OB star by follow-up VLT NIR spectroscopy (A. Bik 2016, private communication). NGC 6357 13 is
optically bright, with V = 12.3 and a photometrically estimated spectral type of O9.5 (Neckel 1984); this star was too
bright in the NIR for VLT follow-up. Three other OB candidates, 14, 15, and 17, located on the boundary between
Regions 2 and 3 have all been spectroscopically confirmed as OB stars using the VLT (Figure 2k and Table 3).
Region 3 of NGC 6357 has proven to be the most fruitful hunting ground for new OB stars (see the upper-left
inset image in the top panel of Figure 2k), with ten candidates clustered within the MYStIX subcluster NGC 6357
F (Kuhn et al. 2014). All but two of these candidates have already been confirmed as OB stars by VLT follow-up,
including MOBc NGC 6357 26, which was selected via our secondary NIR criteria. The two remaining unconfirmed
OB candidates, NGC 6357 19 and 21, could not be observed spectroscopically using VLT because they are too bright
in the NIR (Ks ≤ 8; Table 3).8 Most remarkable is the unstudied star MOBc NGC 6357 21, appearing very bright in
the IR (K = 7.0, [5.8] = 6.7) with logLMSbol = 5.8, equivalent to an O3 V star on the main sequence observed through
AMSV = 6 mag of extinction. This star is the best candidate for the principal ionizing source for the G353.24+0.64
H II region. The median extinction in Region 3 is ' 8 mag compared to 5 − 6 mag in Regions 1 and 2; one star has
inferred AV = 14 and another has AV = 24. We thus provide the best census available of candidate massive stars in
this easternmost cluster of the NGC 6357 complex. The large population of probable massive stars paints a picture of
a cluster that is nearly as rich as Pismis 24, but hidden behind higher extinction.
LS 4151, on the northern outskirts of NGC 6357, appears to have an uncertain spectral type (O6/7 III, logLSEDbol /L =
5.41; Table 2), and its SED fitting results place it near the ZAMS (Figure 3) suggesting a dwarf (or subgiant) rather
than a true giant star.
8 It is recommended that these two bright stars be classified
spectroscopically using a smaller telescope than VLT (A. Bik 2016,
private communication).
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On the far northwestern outskirts of NGC 6357, MOBc NGC 6357 1 is associated with an arcuate 24 µm nebula that
is likely a bow shock caused by its ejection from the compact cluster core (Gvaramadze et al. 2011). These authors
estimated a photometric spectral type of O9-O9.5, which is consistent with our SED fitting results (Table 3).
A.8. The Eagle Nebula
The Eagle Nebula (M16) lies near the Omega Nebula (M17), about 2 kpc from the Sun in the inner Galactic plane
(Oliveira 2008). Field star contamination is very high. The ionizing cluster, NGC 6611, has a well-studied population
of 13 O stars and over 50 B stars (Walker 1961); the earliest is HD 168076 with spectral type O4 V((f+)) (Table 2).
SED fitting for HD 168076 and another star, NGC 6611 161 (O8.5 V), gives nearly double the luminosity expected
for their spectral types (Figure 3). This could indicate undiscovered multiplicity (Section 3.1) or that the stars are
actually O-type giants that have been misclassified as dwarfs. In the case of HD 168076 the presence of a strong wind
might cause our LTE models to overestimate its Lbol (see Section 2.2). In contrast, NGC 6611 421 and 283, both
classified as Be stars, have significantly lower LSEDbol compared to expectations for their spectral types. Both stars are
located on the outskirts of the main NGC 6611 cluster (Figure 2l). Their lack of MIR excess emission suggests that
they could be evolved, classical Be stars rather than Herbig Be stars with dust disks. They could be background stars
unassociated with Eagle, or their spectral types are actually later than reported.
We report eight new candidate OB stars, seven from SED fitting and one extreme candidate from secondary NIR
selection (Table 3 and 4). The most luminous SED-fitting candidate, MOBc Eagle 6, lies 16′ east of HD 168076
but could be reddened by as much as AMSV = 19 mag of visual extinction. The luminous, secondary NIR candidate
MOBc Eagle 8 is dubious, as its NIR colors are close to the reddened giant locus in the CCD, it is too bright in J
for dereddening to the OB main sequence, and it is located on the far northern end of the MYStIX X-ray field, where
the Chandra off-axis resolution is relatively poor. This increases the likelihood of a chance match between the X-ray
point source and bright IR star in this very crowded field (Figure 2l).
Most of the NGC 6611 cluster stars are lightly absorbed with 〈ASEDV 〉 ∼ 3 mag, while the new candidates appear
to probe much more deeply into the cloud, with mean 〈AMSV 〉 ∼ 15.6 mag (Table 5). The Eagle Nebula displays the
greatest discrepancy in extinction between published and candidate OB stars (14 mag) of all the MYStIX regions
except NGC 6334.9
A.9. M17
The ionizing cluster of M17, NGC 6618, is extremely rich, dominated by a pair of O4+O4 spectroscopic binaries,
a dozen other O stars, and many B stars (Townsley et al. 2003; Hoffmeister et al. 2008). Due to the combination
of extremely bright MIR nebulosity and crowding of stars within the dense cluster, Spitzer/IRAC photometry is
unavailable for a large fraction of the published OB stars in NGC 6618 (Table 2). We would therefore not expect
our SED fitting selection, which depends on MIR photometry, to be very effective at identifying new candidates in
NGC 6618 even if the cluster were not already very well studied. Nevertheless, our SED fitting did find three new
OB candidates on the outskirts of NGC 6618, MOBc M17 4, 5, and 6 (Figure 2m), that may have gone unidentified
as hot, massive stars due to very high extinction ranging from AMSV = 14 to 40 mag (the latter value, for M17 4, was
the maximum extinction allowed for the SED fitting). The brightest of these, M17 6, would be an early O star on the
main sequence. Five of the seven OB candidates identified through secondary NIR selection in M17 are located near
or within NGC 6618, the most notable of these being MOBc M17 23, with a projected location near the center of the
cluster but behind an estimated extinction of AMSV = 38 mag (Table 4); this candidate could be another highly-obscured
mid-O star.
MOBc M17 3 is located within a subgroup of known OB stars associated with the M17 X subcluster immediately
north of the main NGC 6618 cluster (Broos et al. 2007), which is dominated by the previously identified O6 star
NGC 6618 B 260 (Hoffmeister et al. 2008).10 Two NIR-selected candidate OB stars, MOBc M17 24 & 25, are found
within the highly obscured X-ray cluster M17 North (Broos et al. 2007), which is embedded within an area of MIR
nebulosity extending north from the main H II region between two IR dark clouds that run approximately north-south
(Figure 2m). MOBc M17 24 lies behind as much as AMSV = 37 mag of extinction (Table 4).
Half of the OB candidates identified via SED fitting are found in a loose group far to the northeast of the main NGC
6618 cluster. Five of these, MOBc M17 7, 11, 12, 17, and 18, have already been spectroscopically followed up using
9 NGC 6334 has been far less studied than Eagle, and its pop-
ulation of published OB stars is far smaller (Table 5).
10 NGC 6618 B 260 drives the large stellar-wind bow shock
M17-S2 (Povich et al. 2008), and two other candidate bow shocks
are associated with less luminous stars in this subcluster.
28
WIRO and confirmed as OB stars (Table 3 and Figure 2m). These new OB stars are part of an older, more dispersed
massive cluster or OB association, NGC 6618PG, which likely ionizes the extended H II region and MIR bubble M17
EB described by Povich et al. (2009). Two massive, luminous members of NGC 6618PG have been previously classified
spectroscopically, these are BD-16 4816 (O5.5 V((f))z) and LS 4957 (also known as BD-16 4831; B0 Ib), several others
have been previously identified as OB candidates based on spectral types estimated from photometry only (Reed 2003;
Povich et al. 2009). Four previously-classified O-type stars with no published luminosity class (Cl* NGC 6618 B 137,
Cl* NGC 6618 SLS 373, Cl* NGC 6618 SLS 17, and BD-16 4818) have high luminosity from SED fitting, consistent
with evolved giants (Figure 3). In spite of their historical designations suggesting membership in the very young,
embedded NGC 6618 cluster, these four stars may also be part of the earlier generation of star formation in M17. The
most extreme of these, SLS 373, could be an O-type supergiant (logLSEDbol /L = 5.83; Table 2).
In contrast to the NGC 6618PG field, only three OB candidates and no known OB stars are found to the east of NGC
6618, where the diffuse X-ray outflow from the H II region is observed (Townsley et al. 2011b). The Chandra/ACIS
total exposure on the eastern region was 85 ks compared to 40 ks for the NGC 6618PG field (Townsley et al. 2014).
Comparing the lack of X-ray detected massive stars in this deeper observation of a similarly unobscured field to the
relative wealth of newly-confirmed OB stars in the NGC 6618PG field reinforces our conclusion that NGC 6618PG is
a distinct, loose OB cluster or association and not, for example, a uniformly-distributed group of misclassified field
stars or runaway OB stars from NGC 6618.
As mentioned in Section 3.1, four previously identified O stars in M17 have LSEDbol that is significantly lower than
expected for their published spectral types. These stars (Cl* NGC 6618 B 272, B227, B213, and B 136) all have
projected locations within the obscured H II region, so they are very likely members of NGC 6618, but spectral
classification is especially difficult in regions of high obscuration and nebular contamination, hence they may be B-
type stars rather than O9/9.5 stars as reported by Hoffmeister et al. (2008). Two of the four lack MYStIX X-ray
detections, which is unusual among the published O-type stars but more common among B-type stars (Table 2).
A.10. W3 and W4
The huge W3-4-5 complex near Galactic longitude 135◦ has been extensively studied (Heyer & Terebey 1998; Megeath
et al. 2008). W3 Main is a rich embedded cluster with many small H II regions, W3(OH) is a clumpy group of nascent
stars, and an isolated O star is found in W3 North (Feigelson & Townsley 2008). The lightly-obscured and older IC 1795
cluster (Roccatagliata et al. 2011) lies between W3 Main and W3(OH) (Figure 2n). The W4 complex (Figure 2o) lies
one degree east of W3. It has one well-studied, young massive cluster located near the center of a bipolar superbubble.
In W3, we report seven OB candidates in the vicinity of the W3 Main cluster, plus one candidate near W3(OH),
MOBc W3 8, that has been spectroscopically classified as an early B-type binary system (Rivera-Ingraham et al. 2011)
but was omitted from the MYStIX compilation of OB stars (Broos et al. 2013). The most luminous OB candidate,
MOBc W3 1, has been recently identified independently and spectroscopically classified as an O-type binary system
by Kiminki et al. (2015), and these authors also classified two of our other candidates, MOBc W3 3 and 5, as B-type
stars (Table 3). The most highly obscured OB candidate, MOBc W3 6, comes from our secondary NIR selection with
an estimated AMSV = 27 mag. This star is located among the known OB population and (ultra)compact H II regions
in W3 Main and was classified as a candidate YSO by Rivera-Ingraham et al. (2011). Our available NIR photometry
does not indicate a Ks-excess from circumstellar material (6 is the topmost star in the NIR CCD of Figure 2n), but
we cannot rule out MIR excess emission for this star, which is bright at 3.6 µm. The absorptions to the other MYStIX
candidate OB stars range over 4 < AMSV < 17 mag, generally higher than the AV ∼ 4 mag for optically bright members
studied by Oey et al. (2005). It is possible that some are outlying members of the W3 Main cluster rather than the
IC 1795 cluster.
The X-ray properties and visible-light spectra of the massive stellar population of W4 were recently studied in detail
by Rauw & Naze (2016). Our SED fitting of HD 15570, the dominant ionizing supergiant star with spectral type O4
If+, returned an anomalously high ASEDV = 3.7 mag compared to the average 〈AV 〉 = 2.4 mag for W4 (Table 5) and
a correspondingly high logLbol/L = 6.10 (Table 2). The MIR photometry for HD 15570 (Kuhn et al. 2013b) does
not appear heavily affected by saturation, but the rising SED toward [5.8] and [8.0] triggered a marginal IR excess
flag (Povich et al. 2013), so these two longest-wavelength bandpasses were not used in our SED fitting for this star.
This MIR excess could be produced by an optically thick wind, which would cause the static, LTE stellar atmosphere
models used in our SED fitting to overestimate both luminosity and exctinction (P11). Indeed, Bouret et al. (2012)
derived a significantly lower logLbol/L = 5.94 for HD 15570 using a more appropriate, non-LTE wind model for the
FUV–visible spectrum.
We identify only one candidate OB star in W4, at the extreme western corner of the ACIS-I field (Figure 2o). This
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candidate may be spurious, because while it satisfied our NIR–MIR SED fitting criteria, its NIR colors and magnitudes
alone, while uncertain, are inconsistent with a reddened OB star. It could also be a mismatch of the X-ray source with
the IR counterpart, given the reduction in positional accuracy for far off-axis Chandra point sources.
A.11. The Trifid Nebula
The Trifid Nebula (M20) H II region in the inner Galactic plane (Rho et al. 2008) is illuminated by a young cluster
dominated by the O7.5 Vz star HD 164492A, and the surrounding field suffers from extreme field star contamination
(Figure 2p). Due to the combination of bright nebulosity and filamentary cloud obscuration, optical study of the cluster
is poor; only a few B stars, and no additional O stars are known in the cluster. The northern component of the nebula
∼ 10′ north of HD 164492 appears as a blue reflection nebula in the optical band. The A7 Iab supergiant HD 164514
lies in the middle of the reflection nebula, but it is debated whether it is the source of radiation (Voshchinnikov 1975;
Lynds & Oneil 1986). A third nebular component lying 5–10′ further to the north consists of a MIR bubble (CN 95
in the Churchwell et al. 2007 catalog) not observed in visible light. Rho et al. (2006) suggested this third component
is an independent H II region with active star formation and an unidentified principal ionizing star.
Our SED-fitting search uncovered four candidate massive stars, including the newly-confirmed early-type stars MOBc
Trifid 1, 2, and 3, located 1′ apart inside the CN 95 bubble in the extreme northeast corner of the MYStIX X-ray
field (Kuhn et al. 2016, in preparation). Trifid 2 and 3 are among the most luminous OB candidates in our sample,
equivalent O3 V stars on the main sequence. The spectral classification and SED fitting luminosity for Trifid 2 indicate
an evolved O6–O8 (super)giant, and this star is likely the principal ionizing source of the northern portion of the Trifid
Nebula/CN 95 bubble Rho et al. (2006); Churchwell et al. (2007). These three stars are spatially associated with and
have similar extinction (AV ' 5–6.5 mag) to Trifid D, a subcluster of lower-mass pre-main sequence stars identified
by Kuhn et al. (2014). We note the possibility that this cluster and associated MIR bubble is only coincidentally
associated with the Trifid Nebula to the south, however this region is unlikely to lie in front of the blue reflection
nebula seen in visible light.
Four candidate OB stars identified by our secondary NIR criteria and one other candidate identified via SED fitting
are found elsewhere in the Trifid field, most of them near the main nebula (Figure 2p) and none, to the best of our
knowledge, previously noted in the literature.
A.12. NGC 3576
NGC 3576 is an embedded H II region in the Sagittarius-Carina spiral arm, projected near the more distant NGC 3603
young rich cluster and H II region. Its stellar content is relatively poorly studied; most of the ionizing OB stars appear
to be highly obscured and are not yet identified (Figuereˆdo et al. 2002). The MYStIX field includes the embedded
cluster and a second Chandra/ACIS-I pointing to the north (Townsley et al. 2011b) that reveals an older cluster
dominated by HD 97319 (O9.5 Ib) and EM Car/HD 97484 (O8+O8 V binary).
We report 10 new OB candidates in NGC 3576, all but one in the southern ACIS-I pointing containing the embedded
H II region (Figure 2q). The southern obscured stars range in estimated extinction over 5.5 < AMSV < 16 mag. The
most luminous candidate is MOBc NGC 3576 3, which would be an O7.5 V star if dereddened by AMSV = 6.8 mag
to the ZAMS (Table 3), and it appears to ionize a second, smaller H II region a few arcmin southwest of the main
embedded H II region. The sole new candidate in the northern, lightly obscured cluster is TYC 8959-1106-1 (MOBc
NGC 3576 7 with AMSV = 3.4 mag).
A.13. NGC 1893
NGC 1893 is the most distant MYStIX star-forming region, located toward the Galactic anticenter with low ob-
scuration. The low-mass stellar population has been studied mostly based on the deep Chandra observation used by
MYStIX (Prisinzano et al. 2011). There are nine new candidate late-O and B-type stars, although two of them (MOBc
NGC 1893 4 & 5) may be foreground A-type stars (Table 3). None lie in dense cluster cores or are associated with
optical nebulosity, and most appear to trace the extended OB population reported by Negueruela et al. (2007). The
most luminous OB candidate is MOBc NGC 1893 9, located toward the edge of the field beside a prominent pillar
that does not appear to know about this star (Figure 2r). This unremarkable location, coupled with the low extinction
(AMSV ' 3 mag; Table 3) increases the odds that this candidate is actually an unassociated field star.
SED fitting for HD 242926 returns approximately double the luminosity expected for its O8((f)) spectral type
(Figure 3). This could indicate undiscovered multiplicity (Section 3.1), with the caveat that the presence of a strong
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wind in this emission-line O star might cause our LTE models to overestimate its Lbol (see Section 2.2).
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Fig. 2(e).— The Rosette Nebula and Molecular Cloud.
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Fig. 2(f).— The Lagoon Nebula (M8).
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Fig. 2(j).— NGC 6334 (the Cat’s Paw Nebula).
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Fig. 2(l).— The Eagle Nebula (M16).
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Fig. 2(p).— The Trifid Nebula (M20).
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